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An Analysis Of Pressure Gasoline And 
Pressure Kerosene Stoves 
ARNOLD E. BARAGAR 
During the past few years inquiries have been received regarding the cost of 
operation, efficiency, and performance of pressure gasoline and pressure kero-
sene stoves. Because of the method of operation and the use of gasoline as fuel, 
safety from fire and carbon monoxide has been frequently questioned. Not 
only is it necessary to have technical information about this type of appliance 
in order to compare it with other types but it is further important to know 
whether one type of burner is superior to another; whether one type of oven 
construction will give better results than another and in general what factors 
affect the performance of these stoves. Since the necessary information was not 
available, this investigation was inaugurated to secure data of technical nature 
that could be used to analyze this type of appliance with regard to safety, effi-
ciency, and general performance. 
PART I-DESCRIPTION AND OPERATION OF STOVES 
1. Stoves Studied-The stoves chosen for this study were obtained from 
open stock and were built by nationally advertised manufacturers. Each stove 
varied from the others with respect to the type of cooking top, the type of oven, 
and the method of operation. In this study it was the principles of design and 
operation that were important and not the particular stove studied. For identi-
fication the stoves have been designated as A, B, C, and D and the respective 
stoves are shown in Figures 1-4. The frames of ranges B, C, and D were made 
of heavy gauge pressed steel with angle iron bases, welded and braced to give 
rigidity and strength. The frame for stove A was constructed of angle iron 
except for the front which was porcelain enameled cast iron. 
2. Cooking Tops-The cooking top assemblies are shown in Figures 5, 7, 
9 and 11. The gas burned from ports or slits around the outside of the burner 
on stoves A and B, while the burners on stove C had narrow slits in the top 
of the burner as shown in Figures 9 and 10. The burner ports on stove D were 
around the inner part of the ring and are perceptible on the rear burners in 
Figure 12. All of the burners were made of cast iron. Stoves B and C were 
equipped with automatic lighter tubes, Figures 6 and 8, that is--once the 
master burner was operating any of the other top burners could be lighted by 
turning on the gas valve to that burner. Dimensions and other cooking top 
data are listed in Table I. 
3. Ovens and Broilers-All of the ovens were insulated with mineral wool 
and the interiors were porcelain enameled. There was a one-inch air space 
3 
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TABLE l. Dimensions of cooking tops. 
Useablc 
Toni\ size space per Burner diameter Distance frorn 
Stove burner burner port 
Width I Depth Diam. I Area M aster I Regular 
to grate top 
Tn. I n. /11. Sq. /11. Tn. / 11. In. 
A 20 19¾ 9 63.6 2 ½ 2 ½ 
B 17 ½ 18 9¼ 67.2 2¾ rn I ½ 
C 18¾ 20 31. 9 63 .6 4¾ 4 I ½ 
D 18¾ 20 ¾ 9 ½ 70.9 3¼' 3¼· I 
• Inner ring. 
between the oven wall and the enameled panel on the right side of stove B. 
On all of the stoves the top enameled panel was in contact with the insulation. 
Above the horizontal flu e duct on stoves C and D the insulation was only 
¾-inch thick and on stove C there was a ¾ -inch space adjacent to the flue 
duct where there was no insulation at all. The combustion products from 
oven A esca ped directly from an opening in the back while for ovens B, C, 
and D the combustion products were passed through a horizontal flue duct in 
FIG. I-Stove A, pressure gasoli ne. 
F,c. 2.-- Stove B, pressure gasol ine . 8. 
sta rter va lve, 9. fue l and opera ti ve valve , 
l 0. pressure gauge and fuel level gauge
JI. pum p, 12. filler cap generator ,·alvc 
handle . 
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FIG. Stove C, pressure gasol ine. FIG. Stove D, p ress ure kerosene. 
FIG. 5.- Cooking top, stove A. 
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FIG. 6.-Cooking top burners and generator system, stove A 
I. generator for top burners, 2. master burner, 3. top bu rner 
manifold and mixing chamber, 4. air intakes for top burners 
and oven burner, 5. generator for oven burner, 6. oven mani-
fold. 
FIG. 7.-Cooking top, stove B. FIG. 8.-Cooking top burners and gener-
ator system, stove B. I. generator for a ll 
burners, 2. master burner, 3. burner 
manifold and mixing chamber, 4. a ir 
intakes, 5. shield over generator burner, 
6. automatic lighter tube, 7. burner 
bowl. 
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FIG. 9.- Cooking top, stove C. 
FIG. I I .-Cooking top, stove D. 
FIG. I 0.-Cooking top burners and gener-
ator system, stove C. I. generator for all 
burners, 2. master burner, 3. air intake 
and mixing cham ber, 4. manifold. Also 
shown are lighter tubes rad iating from 
the master burner and safety thermo-
stat in front of master burner. 
FIG. 12.-Cooking top burners and gener-
ator system stove D. I. generator for all 
burners, 2. master burner, 3. starting 
torch, 4. manifold, 5. air intake and 
mixing chamber, 6. regular burner. Also 
shown is safety thermostat in front of 
n1aster burner. 
TABLE 2. Dimensions of ovens. 
Interior dimensions Insulation thickness 
Right Left 
Stove Wit:lth Height Depth Volume Top Side Side Back 
In. In . In. Cu. Ft . In. In. In . In. 
A 16 12 ¾ 18¾ 2.215 I ¾ I ½ I ½ I¼ 
B 16 13 19 ½ 2.345 I ½ I l 1 
C 18 14 ½ 19 \-:, 2.945 1 ½ 1 1/s ¾ ~~ 
D 18 14 ½ 19 ½ 2.945 l ½ I¼ ¾ ¾ 
Doors 
1nax. 11110. No. 
In. fo. 
¾ ¾ 4 
I ½ ¾ 5 
1½ 1 ½ 4 
1¼ 11/s 4 
Rack positions 
Distance 
lowest 
Interval rack 
between from 
racks bottom 
In. In . 
2½ 2¼ 
2 2½ 
2½ 3 
2¼ 3 
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the top of the oven before passing out the back. In all of the ovens the com-
bustion products entered through holes or rectangular openings in the oven 
bottom. The dimensions of the various important parts of the ovens are listed 
in Table 2. 
The broilers were located beneath the ovens and were of the drawer type. 
They were equipped with non-inflammable type broiler pans. Dimensions 
are listed in Table 3. 
TABLE 3. Dimension of broilers. 
Rack positions 
Distance 
Broiler pan Spacing of top of between rack from 
Stove Width Length Number racks burner 
In. In. In. In. 
A 13 ½ 15 ¾ 4 % 4 ~~ 
B 14 ½ 17½ 4 ¾ 2 ½ 
C 13 ¾ 16 ¾ 4 1 2 ½ 
D 14 17 4 1 2 
4. Generator System and Method of Lighting and Operating-The gen-
erator and top burner systems are shown in Figures 6, 8, 10, and 12. The 
gasoline stoves were of the instant lighting type and except for stove A one 
generator was used for both cooking top and oven; stove A had a separate 
generator for the oven. 
The method of lighting the burners was the same for each stove. As a 
specific example, choose stove B since its operating valves are shown in Figures 
2 and 8. By means of the pump ( 11) the pressure in the tank was made ap-
proximately 40 pounds per square inch. Next, the master burner valve (2) 
was opened, then the starter valve (8) was opened and finally the generator 
valve (13) was opened enough to supply vapor to the master burner where 
the fuel was ignited by a match. The fuel at the generator burner was ignited 
almost instantly by the lighter tube from the master burner. After burning 
for one minute the fuel valve (9) could be opened and the starter valve closed. 
The stove was now ready for steady operation. On stove A it was necessary 
to light the generator with a match. This was an inconvenient procedure be-
cause unless the match was held in an extension at least four inches long the 
fingers were burned. With the kerosene stove D it was necessary to preheat 
the generator by means of a starting torch before the generator burner and 
master burner would ignite. This starting torch is shown at the right of the 
master burner in Figure 12. 
Stove C gave the most generator trouble during the study and part of the 
difficulty seemed to be due to the manner of operation of the starting and 
operating valve at the tank. On stoves C and D the starting valve and oper-
ating valve were combined. For starting, the pressure was raised to approxi-
mately 35 pounds per square inch and during the time that the pressure de-
creased to 27 pounds per square inch there was a combined flow of liquid 
gasoline and air from the tank. When properly adjusted the gasoline-air line 
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was shut off by a diaphragm action when a pressure of 27 pounds per square 
inch was reached leaving only the fuel to be supplied to the generator. All 
during the study of stove C this starter valve functioned poorly. 
5. Operation of the Thermostatic Safety Valve-Stoves B, C and D were 
equipped with thermostatic safety valves that were supposed to shut off the
fuel supply in case the generator flame became extmgu1shed. The operation 
of this safety valve was tested in the following manner. The master burner 
was lighted and allowed to heat in the regular manner until the generator be-
came thoroughly heated to the usual operating condition. Then on stove B 
the master burner was left in operation and on stoves C and D one of the rear 
burners was lighted and the master burner shut off After a few minutes of 
operation the generator burner flame was blown out and time was counted 
from this instant. The results were as follows: 
Stove B-The flame on the master burner continued burning for three min-
utes, four seconds and went out. On repeat tests the flame went out in two 
minutes and fifty seconds. Each time the burner flame would not relight with 
a match indicating that the fuel supply was shut off. Next the fuel valve was 
left open and the starter valve reopened and the gas was relighted and then 
the starter valve was closed immediately. The burner and generator flames 
went out in a few seconds indicating that the safety valve was still closed. 
During the operation of this test no bad odor of gasoline fumes was noticeable. 
Stove C-After three minutes, forty seconds, a heavy yellow flame appeared 
and the generator relighted with a match. There was no indication of valve 
action from thermostatic control. Since the tank pressure for the first test was 
35 pounds per square inch the test was repeated using a pressure of 20 pounds 
per square inch. At the end of five minutes, fifteen seconds, the test was stopped 
because yellow flames two feet long were burning from the left rear burner. 
Later the test was again repeated and there never was found any indication of 
thermostatic valve action . Considerable liquid fuel was found in the manifold. 
Stove D-The right rear burner flame finally went out at the end of twelve 
minutes, forty-five seconds. During the first part of this period the average 
tank pressure was approximately 20 pounds per square inch while · the auto-
matic pump acted through several cycles between 17 and 21 pounds per square 
inch and since the flame continued to burn at this pressure the pump was dis-
connected. When the flame finally went out the tank pressure was 7 pounds 
per square inch, and it was found that the flame could be lighted at some of 
the ports on the generator burner. There was considerable odor during the 
entire test. 
As a result of these tests it was concluded that stove B had the only satis-
factory thermostatic safety valve. Its action was positive and . the fuel supply 
was definitely shut off. The safety valves on stoves C and D exhibited unsatis-
factory operation and could not be rated as safety shut-off valves. 
PART II- FUEL SUPPLY 
A. Gasoline and Kerosene 
1. Grades of Fuel-Two grades of gasoline were used for the study; one 
an ordinary white non-anti-knock motor fuel and the other a gasoline especially 
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designed for stoves. Some knowledge of the character of the stove gasoline can 
be gathered from the following distillation data supplied by the oil company: 
initial B.p. 112°F. 
10% 156 
20% 177 
50% 222 
90% 287 
end point 350 
color 30; sulphur .03; iodine number 3.2; gum (copper dish) 0.2 ; specific grav-
ity 68.9 Baume 
Apparently this was almost entirely a saturated hydrocarbon mixture with 
heptane and octane predominating. 
2. Heat of Combustion-The heat of combustion of the gasoline and kero-
sene was determined for each quantity of fuel purchased by means of a Parr 
Bomb calorimeter. The average heating value for the gasoline was 45.7 Btu 
per gram or 20,730 Btu per pound. No difference was found for the heat of 
combustion of the two types of gasoline. The kerosene had a heating value 
of 44.8 Btu per gram or 20,320 Btu per pound. 
3. Measurement of Fuel-For measuring the quantity of liquid fuel, a 
method of continuous weighing was chosen. A special tank fitted with a filler 
opening, a pressure gauge, and starting and operating valves similar to those 
used on each stove was mounted on the platform of an Eimer and Amend solu-
tion balance.* Flexible line connections from the tank to the stove were ob-
tained by using ordinary automobile hydraulic brake tubing. The apparatus 
as first designed is shown in Figure 14 but as preliminary tests proceeded it
was found that the scales would 
need to be shielded from air cure 
rents. The final apparatus is shown 
in Figure 13. In order to eliminate 
FIG. 13.- Stove ready for tests and balance 
arrangement for weighing the fuel con-
sumed. 
parallax when reading the balance 
point a knife edge was soldered to 
the end of the balance arm. A milli-
meter scale was mounted perpendic-
ular to the knife edge and a reading 
lens was fastened on the front of the 
shield, providing a magnification of 
about 2. The scale was illuminated 
by a lamp inside the shield. Pressure 
in the tank was maintained auto-
matically at desired value to within 
±2 pounds per square inch by a 
small air compressor, shown on the 
lower shelf of the stand in Figures 
13 and 14. The final method adopted 
for making readings was always to 
bring the pointer to the same read-
ing on the millimeter scale by shift-
ing the gram rider on the balance 
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arm and to have the balance arm slightly oscillating. By this method readings 
could be made to within ±1 gram which is the claimed sensitiveness of the 
balance. 
4. The Character of the Fuel at the Burner-In order to interpret the data 
obtained from the analysis of the combustion products both for carbon monox-
ide and flue loss it is necessary to know the composition of the fuel at the 
burner. Obviously the fuel in the 
supply tank is either liquid gaso-
line or kerosene but as it passes 
through the generator the char-
acter of this fuel is changed. It 
is only when the burner is first 
lighted that the fuel at the burner 
is gasoline vapor, as is shown by 
a soft, fuzzy, rather long flame 
sometimes tinged with yellow. 
After about 30 seconds when the 
generator tube has become heated 
a bright blue inner cone begins 
to appear. As the fuel continues 
to burn the flame becomes shorter 
with a very intense bright blue 
inner cone. For full flame opera-
t ions it was observed that the 
generator tube showed a color 
from a dull red (470° C., 878° F.) 
to a cherry red (700° C., 1292°F.). 
From a consideration of only the 
temperature of the generator tube 
it is evident that a rather severe 
pyrolysis must be occurring to the 
FIG. 14.- Vicw of balance arrangement before fuel as it passes through the gen-
erator. It is proposed for this 
study that the fuel emitted from the generator into the manifold is in the form 
of a permanent gas having a composition simi lar to that listed as fuel 3 in 
Table The method of arriving at this composition was as follows: Since 
the liquid fuel had approximately the physical characteristics of octane it was 
assunied that the fuel first entering the generator was octane. This has been 
designated as fuel 1 and the characteristics are tabulated in Table 4. As the 
fuel passed through the heated generator the first decomposition was consid-
ered to be a butane-butene mixture. Such a fuel derived from octane would 
have the properties of fuel 2 in Table 4. Considering the pyrolysis of butaen 
and butene as discussed by Ellis1 and Egloff it seemed that the data secu red 
by Hague and Wheeler1 • 2 could be used to arrive at a possible fuel. Using 
these data a fuel was calculated that would have the composition of fuel 3, 
Table 4. 
Considerable evidence that the fuel from the burner was a permanent gas 
was obtained. First, frequently the generators on these stoves must be cleaned 
A No . 4420 torsion balance capacity 14 kg ., sensi tiveness g. could also be adapted to the procedure 
and mi ght be mo re convenient to use. 
T his fu el does not take in to considerati on the small ca rbo n loss in the ge nerator. 
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TABLE 4. Composition and combustion characteristic of fuels. 
Fuel 1 Fuel 2 F uel 3 Fuel 4 
butane- gasoline 
butene after natural 
octane mixture pyrol ysis gas 
Constituent and concentration, per 
cent by volume 
Methane, CH, 42.17 72.00 
Ethane, C,H. 2.56 16.40 
Butane, C,H,o 50.88 4.72 
Octane, CsH1s 100.00 
Ethylene, C,H, 20.94 
Propylene, C.Ho 6.03 
Butylene, C,Hs 49.12 2.22 
H ydrogen, H2 10.25 
Acetylene, C2H2 1.77 
Benzene, C.Ho 5.92 
Tolulene , C,Hs 2.11 
Xylene, CsH,o 1.31 
Nitrogen, N, 11.60 
Total 100.00 100.00 100.00 100.00 
Percentage paraffin hydrocarbons 100.00 50.88 49.45 88.40 
Percentage olefin hydrocarbons 49.12 29.19 
Percentage aromatic hydrocarbons I I.I I 
Percentage hydrogen 10.25 
Calculated heat of combustion 
Dry basis Btu per pound 20,580 21 ,04 7 21 ,520 19,496 
Dry basis Btu per cubic foot 6,199 3,215 1,621 1,017 
Wet basis Btu per cubic foot 6,100 3,160 1,593 1,000 
Specific gravity (air = 1.000) 3.94 1.974 0.9856 0.683 
Theoretical flame temperature cor-
rected for dissociation of CO, and 
HzO, ° F. 3,639 3,770 3,564 
Products of corn bustion Cu.ft. per 
cu. ft. of fuel 
CO, 8.00 4.00 1.993 1.075 
H,O 9.00 4.50 2.292 1.965 
N, 47.25 23.62 11.533 7.857 
Dry products (CO,+ N,), P cu.ft. 55.25 27.62 13.526 8.932 
Air required for complete corn-
bustion, A cu.ft. per cu.ft. of fuel 59.72 29.74 15.00 9.625 
Ultimate CO,, per cent 14.48 14.48 14.74 11.94 
of the carbon that collects in them and this free carbon must be due to a 
thermal decomposition, and a pyrolysis that would form free carbon would 
also form a large quantity of permanent gas . To determine how quickly car-
bon could form, a new unused generator was placed in stove A and a full 
flame burned on the master burner for fifteen minutes. After cooling, the 
generator was taken apart and a carbon deposit was found on the inside of 
the tube and the spiral. The rate at which the gasoline was passing through 
the generator and being consumed was approximately four grams per minute. 
Second, samples of the fuel-air mixture drawn into clean dry sampling 
bottles fitted into the right front burner opening on stove B (burner head 
removable) showed no perceptible condensation on the side walls of the bottle 
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for gas samples obtained after 10 minutes of operating the left side burners
under full flame conditions. For a sample taken five mmutes after lighting
the generator and left side burners a slight condensation was observed. The 
conclusion drawn from the first case was that practically all of the gas obtained 
must have been of a composition that would not condense at 60°F. (the tem-
perature to which the bottle was cooled) and in the second case complete 
pyrolysis was not taking place but some gasoline vapor was still coming 
through. An attempt was made to analyze these samples with an Orsat but 
analysis showed that most of the sample was air to the extent of 40 to 45 
volumes of air to one volume of fuel and hence with such a small volume of 
fuel so diluted with nitrogen after the removal of the oxygen it was not pos-
sible to make even a rough analysis with any accuracy for the percentage of 
unsaturated and saturated hydrocarbons and of hydrogen. The reason for 
so much air in the sample was apparent from a consideration of the design 
of the burners. 
It was obvious that most of the air needed for complete combustion had 
to be furnished as primary air because the burner would not allow enough 
secondary air to come in contact with the flame. This was further shown by 
welding a top burner from stove B on an injector tube from an ordinary gas 
burner and then supplying natural gas to the burner at the rate of 9,000 Btu 
per hour. For ordinary injection conditions with the air shutters fully opened 
the flame was long and fuzzy with no inner cone, but when the proper amount 
of compressed air was supplied through the air shutter openings the flame 
was similar to that when operating on gasoline except that the inner cone was 
not bright blue. 
Third, for the analysis of the flue loss from the ovens discussed in Part V, 
close agreements with results obtained using natural gas as fuel were possible 
when fuel 3 was used for the gasoline burner but when using the same value 
of excess air applied to either fuel 1 or fuel 2 the volume of gases passing out 
of the flue was too large and the calculated value of total heat loss was higher 
than the value found experimentally. Consequently while fuel 3 might not 
be the exact composition of the fuel at the burners, its composition is sufficiently 
close to satisfactorily analyze performance data for this study. 
Since pyrolysis occurs in the generator of the kerosene stove, fuel 3 was 
used to represent the fuel at the burners of the stove. 
B. Natural Gas 
For some of the oven and cooking top tests a gas burner supplied with 
natural gas was substituted for a gasoline burner. The composition of this 
fuel is listed as fuel 4, Table 4. The heating value was determined with a 
flow calorimeter, the average value being 1,000 Btu per cubic foot ( wet basis) 
or 1,017 Btu per cubic foot (dry basis) . The volume of natural gas used was 
measured by a calibrated American Meter Co. IO-light wet test meter
PART III- PRODUCTS OF COMBUSTION 
The primary purpose of analyzing the products of combustion from these 
stoves was to determine from the amount of carbon monoxide present how long 
For ca libration method c.f. Nebr. Agr. Exp . Sta. Res. Bull. 86, pp. 68 a nd 69. 
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a person could be exposed to the products of combustion and experience no ill 
effects from carbon monoxide gas. 
A. Experimental Procedure 
1. Analysis of Combustion Products-Combustion products were analyzed 
for carbon dioxide, CO2, oxygen, and carbon monoxide, CO. The per-
centages of CO2 and 0 2 were determined by means of a Bureau of Mines 
Copper Oxide Orsat3 • 4 equipped with a U. S. Steel Corp. type precision 
burette and a fritted glass pipette for the absorption of oxygen. This pipette 
is similar to the one described by Martin Shepherd except that the platinum 
disc has been replaced by fritted glass.5 A light mineral oil was used in the 
manometer to increase the sensitivity of the pressure balance. The percentage 
CO was determined by means of an iodine-pentoxide apparatus equipped with 
a liquid air trap to remove any of the heavier hydrocarbons that might be 
present in the combustion products.3 • 6 The amount of iodine obtained after 
the reaction of the CO with was titrated against standardized 0.001N 
sodium thiosulphate. Using the analysis of the simultaneous sample for CO2 
and 0 2 for computing the air free factor, the percentage CO in combustion 
products was converted to an air-free basis. 
2. Combustion Products From the Cooking Top-Utensil 5 (see Table 6 
and Fig. 15) containing approximately four pounds of water was put on the 
burner to be tested and a suitable hood for collecting the combustion products 
was placed over the pan and burner. For part of the tests the base of the 
hood rested directly on the stove top while for the remainder of the tests the 
hood was set on three blocks. This procedure was introduced to observe 
if there were any smothering of the burner flame. The burner was heated for 
five minutes and then two simultaneous samples of combustion products were 
withdrawn from the hood. One sample was analyzed for CO2 and 0 2 and 
the other was analyzed for CO. Data were secured for the burner operating 
under full heating flame and with the flame burning as low as possible without 
extinguishing. 
3. Combustion Products From the Oven-Two simultaneous samples of 
combustion products were taken from the flue opening at the back of the oven 
for the following condition of the burner flame: ( 1) full preheating flame
( samples taken 3 minutes after lighting), (2) flame as low as possible. These 
samples were analyzed in the same manner as for the cooking top. 
B. Results 
1. ·Derivation of Safe Exposure Time-In connection with the cooperative 
work of the Bureau of Mines and the New York and New Jersey State Bridge 
and Tunnel Commission on the physiological effects of automobile exhaust 
gases, Dr. Yandell Henderson 7 states : 
"a. When the time of exposure in hours times the concentration of carbon 
monoxide in parts per 10,000 equals 3, there is no perceptible effect. 
b. When the result is 6, there is just a perceptible effect. 
c. When the result is 9, there will be headache and nausea. 
d. When the result is 15 or more, the conditions are dangerous to life. 
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e. If the volume of breathing is increased by exercise ( even by slow walking 
and correspondingly more physical work) the rate of absorption of carbon 
monoxide is increased proportionally." 
Thus from the above statements it is evident that whether a certain con-
centration of CO will produce ill effects or even be dangerous depends upon 
the time of exposure, or in other words a low concentration of CO for a long 
exposure can produce the same effects as a high concentration for a short ex-
posure. 
The concentration of CO in a room in which a gaseous fuel is being burned 
may be calculated if the amount of CO in the products of combustion is known. 
The percentage concentration in a room atmosphere at any time, t, after the 
burner is lighted is given by the equation.* 
C - Ca QF (1 - Rt) 
r - 1000 RV -e 
where C, = percentage CO in a room after any given time t 
C,. = percentage CO in the air-free products of combustion 
Q = cubic feet of dry combustion products per 1,000 Btu of fuel 
F = fuel rate in Btu per hour 
R = number of air changes in the room per hour 
V = volume of room in cubic feet 
t = time in hours 
e = Naperian logarithmic base (2.7183) 
(2) 
It is evident from this equation that when Rt is greater than 6, Cr is for all 
practical purposes constant but for values of Rt from 0 to 6 Cr is variable. It 
is not the concentration of CO in the room that is most important but the 
product of the concentration and the time of exposure. This product can be 
found by integrating C, with respect to time for values of time from 0 to t 
and the resulting equation is 
P - Ca QF (R 1 + - Rt) 
- 1000R2V t- e (3) 
where P is the product of the concentration of CO in a room and the time of 
exposure. All of the other quantities have the same meaning as in equation 
(2) for percentage concentration. 
Now, the pertinent question is, under what conditions can a person work in 
a room in which a gasoline stove is operating and producing a constant amount 
of carbon monoxide and experience no perceptible effects from carbon monox-
ide? It is insufficient to say that the percentage CO on an air-free basis
must not be greater than a given amount because P also depends upon the 
rate at which the fuel is being burned, F, upon the size of the room, V, and 
upon the frequency with which the air in the room is being changed, R.** For 
purposes of comparison it is more convenient to calculate the exposure time for 
a given value of P and Ca, Q, F, R, and V. Equation (3) can be put in the form 
* The derivation of thi s fo rmula in a sli ghtly diffe rent fo rm is g iven o n page 176 of "Combustion," 
3rd ed ., American Gas Assoca tion , Industria l Gas Series . 
"'"' The value Q will va ry between 8 and 9 dependi ng upo n the kind of fuel being burned. 
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1 + 
1000 R2V P 
= Rt+ e - Rt (4) 
Ca QF 
putting 1 + 
1000 R2 V P 
= z for convenience ( 4) becomes or C,, QF 
z = Rt+ e - Rt (5) 
If values of z are plotted against values of Rt, then t can be found for any 
particular value of z and R. 
2. Percentage Carbon Monoxide and Safe Exposure Time-This IS the 
method that has been used to analyze the gas analysis data obtained for the 
gasoline and kerosene stoves. The results of the analysis of the products of 
combustion are listed in Table 5. 
TABLE 5. Carbon monoxide in the -products of combustion. 
Fuel Maximu m Min im um A veragc 
rate co co co 
Stove Burner F ai r-free tn=½ t R==1 a ir -free tn=½ tR==1 air-free tR== ~~ tn==1 
Btu hr . per cent hrs. hrs. per cent hrs. hrs. per cent hrs. hrs. 
A L.F. 8.500 .203 2.1 7 3.02 .008 15 .11 53.52 .0608 4.23 7.91 
A L.F. 2,000 .0082 48.35 21}.0 .000 in f . in f. .004 1 9 1. 7 436.0 
A L.R. 7,000 .000 in f. inf. .000 inf. inf. .000 inf. in f. 
A L.R. 1,600 ,0543 12.79 42.1 1 
A R. F. 9,000 .33 1 1. 62 2.07 .018 8.46 23.05 . 174 2.29 3 .24 
A oven 18.000 .25 7 1.30 1.56 .0637 2.7 1 4.1 .1438 1. 75 2.28 
A oven 4.000 .615 1.75 2.36 .000 inf. inf. .346 2.45 3 .55 
B top 9 .000 .372 1.50 1.92 .005 15.70 R0.36 .1033 3.04 4. 83 
B top 2,400 .058 9.35 26.66 .006 49.35 249.00 .035 13.10 43.5 
B top 2,000 . 190 5.05 10.40 .061 l0.1 7 30 .27 .125 6.47 15.3 
B oven 22,000 .086 2.00 2.83 .019 4.75 9. 71 .042 3.05 4.86 
B oven 6.500 .000 i nf. i nf. 
B oven 3,500 .21 8 3.35 5.68 
C L. F. 10.000 .038 5.10 10.40 .0 185 7.75 20.30 .0295 6. 11 13. 11 
C L. F. 3,.100 .334 2.75 4.23 .062 7.40 18. 5 .198 3 .70 6.46 
C L.R. 13,000 .07 3. 10 4.92 .0149 7.60 19.44 .0346 4.58 8.94 
C L.R. 4,000 .0729 5.85 13.25 
C L.R. 3 .500 1. 05 1.45 1. 61 
C oven 26.000 . 100 1.75 2.27 .0 188 4.40 8.31 .0594 2.3 1 3.28 
C oven 3,500 .909 1.65 1.99 .0262 12.25 39.95 .5 176 2. 12 2.92 
D L.F. 8,000 .675 1.20 1.42 .0047 24.00 96.75 .321 1.76 2.29 
D I..F. 3,700 .121 4.60 8.98 .000 inf. i nf. .0605 6.92 16.96 
I) L.R. 8.000 .426 I.SO 1.90 .267 1.85 2.60 .346 1.69 2.1 8 
D L.R. 5,000 .227 2.75 4.1 3 .034 8.15 22.00 .1 305 3 .71 6.47 
D oven 18,000 .0784 2.30 3.50 .0405 3.50 4.90 .0594 2.82 4.33 
D oven 4,500 .061 6 .10 14.00 .0295 9.65 27 .90 .0452 7.34 18. 56 
These data are presented on the basis of the maximum, minimum, and 
average percentage CO ( air-free basis) found for each burner tested at the 
fuel rate designated in column 3. For computing the times that a person could 
stay in the room and experience no perceptible effect from carbon monoxide 
for fuel rates listed in Table 5, the following values were used: volume of 
room, V = 1000 cubic feet; volume of dry combustion products per 1000 Btu 
of fuel burned, Q = 8.4; the number of ai r changes in the room, R, as and 1 
respectively and P = 0.03. 
Occasionally only one test was made for a particular fuel rate and ih this 
case the result is listed under the maximum heading. Considerable variation 
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in the percentage CO liberated was often found for the same burner for repeat 
tests. This was especially the case for stove A. During the first series of tests 
ordinary motor gasoline was used in stove A and the relatively high percentages 
of CO occurred with this fuel. During a second series of tests the specially 
designed stove gasoline was used and the percentage CO was found to be con-
sistently low. 
3. Check on Apparatus-To make sure that the results obtained were due 
to carbon monoxide and not some of the higher paraffin hydrocarbons that 
might be in the products of combustion a sample of gasoline vapor was drawn 
from the spout of the gasoline container and diluted with air in the ratio of 
approximately two volumes of air to one volume of gasoline vapor and then 
this sample was passed through the CO apparatus. After twenty minutes of 
operation no indication of iodine was found in the KI solution indicating that 
the liquid air trap was freezing out all of the constituents that would react 
with the 120 5• At the end of a day's run this test was repeated and the same 
results were obtained. When the liquid air had reached a level so that only 
about of the trap was submerged in it, another very dilute sample of gaso-
line vapor was passed through the apparatus and iodine was liberated from 
the 120 5 . Consequently for all of the analyses performed the liquid air trap 
was kept submerged for ½ to ¾ of its length. 
4. Odor and Percentage Carbon Monoxide-No correlation could be found 
between the percentage CO liberated and the odor given off during the com-
bustion of the gasoline and kerosene. In about 50 per cent of the cases when 
the flame was burning at as low a fuel rate as possible a pungent odor was 
detected and then in the remaining cases for a low flame there was only a 
slight odor or none at all. High and low percentages of CO were found for 
both slight odor and bad odor so odor alone was no indication as to the amount 
of CO being liberated. 
PART IV-COOKING TOPS 
A. Experimental Procedure 
I. Time, Water Temperature and Room Temperature-Time was meas-
ured by stop-watches that were accurate to ± one second during the passage 
of 200 minutes. A Weston laboratory thermometer inserted through the cover 
and immersed to within one-half inch of the bottom of the pan was used to 
measure all water temperatures. The thermometer was checked against a 
calibrated mercury thermometer and allowance made for any corrections 
greater than ± 1 °F. Room temperature was maintained at 80° ± 2° F. for all 
efficiency tests. Air currents from the room cooling apparatus were controlled 
so that no drafts were directed toward the cooking tops. 
2. Utensils-The utensils used for the cooking top efficiency tests are shown 
in Figure 15 and the essential dimensions and weights are li sted in Table 6. 
Utensil 9 is the standard pan adopted by the National Research Committee on 
Household Equipment. Total heat loss for pans 1, 4 and 9 was determined 
by means of an immersion heater fastened to the cover of the pan. The heater 
coil was immersed in the five pounds of water to within one-half inch of the 
bottom of the pan. Temperature was measured by three copper-constantan 
"O 
"' 
TABLE 6. Utensils for cooking top efficiency tests. m "' 
"' C: 
"' W eight m 
Bottom Thickness W ithout With H eat () 
No. T ype Material Capac ity diameter Height Bottom Side Cover Cover loss > cover 0 
t"' 
quarts inches inches i11c/1es inches inc/1es lbs. lbs. Btu/ hr. z 
1 aluminum 3 7.00 4.25 .052 .052 .026 0.930 1.117 328 m sa uce pan 
2 aluminun1 4 7.87 4.75 .098 .074 .0 79 1.672 2.273 > sauce pan z 
3 sauce pan enamel 3 7.25 4.25 .060 .054 .045 1.508 2.008 0 
4 sauce pan enamel 5 8.25 5.00 .055 .058 .045 1.922 2.586 683 :;,::; 
5 stock kettl e aluminum 6 7.87 6.87 .035 .035 .028 0.821 1.031 m 
"' 6 stock kettle aluminum 8 9.00 6.87 .050 .050 .03 1 1.578 1.922 0 
"' 7 sauce pan aluminum 2 5.37 4.25 .040 .040 .026 0.554 0.687 m z 
8 sauce pan aluminum I 4.37 3.25 .042 .042 .032 0.410 0.523 m 
9 sauce pan aluminum 3 7.25 4.50 .098 .098 .0 81 1.613 2.129 307 r.n 
.., 
0 
< m 
"' 
..... 
'-0 
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FIG. 15.-Utensils used on cooking top. 
thermocouples of No. 28 gauge (B & S) enamel-covered wire. The pan was 
supported on three wooden legs three inches long. The legs were in 
diameter and rounded at the top where they made contact with the pan. With 
this type of support conduction loss was reduced to a minimum and the pan 
was also exposed to a free circulation of air for convection loss. The electrical 
input was adjusted by gradual steps until a value was found that would just 
keep the water gently boiling and with a slight adjustment below this value 
the water ceased to boil. The value for gentle boiling was chosen as the one 
representing the input that was needed to compensate for the radiation and 
convection loss ( total heat loss) of the pan. 
For measuring the heat distribution from the top burners a size 7 cast iron 
skillet having a bottom diameter 8 ¼ inches, height 2 inches, average thickness 
0.103 inch, and weight 3.45 pounds was used. Griddle cakes were baked on 
a cast iron griddle of 10-inch diameter. 
3. Short-time Efficiency-Utensils 1-9 were used for the determination of 
the short-time efficiency. With the exception of pans 7 and 8, five pounds of 
distilled water was used in each pan. Pans 7 and 8 contained three pounds 
and one and one-half pounds of distilled water, respectively. The burner was 
initially heated by bringing five pounds of water to boiling temperature. For 
each test the water was cooled to approximately 60°F. and the covered pan 
and contents were placed on the burner at this temperature. The generator 
was adjusted to give the desired fuel rate and when the water temperature 
passed through 68°F. the initial time and weight readings were recorded. Time 
and weight readings for gasoline consumption were recorded every two min-
utes until the final temperature of 194°F. was reached at which temperature, 
final time, and weight readings were taken. Evaporation loss was neglected. 
Percentage efficiency was calculated as follows: 
-per cent efficiency = 
( weight of water + water equivalent of pan) x 126° F . x 100 
heating value of fuel (Btu/ g.) x grams of fuel used 
Fuel rate was computed from the fuel consumption and time in terms of Btu 
per hour. 
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4. Maintenance of Boiling Efficiency-Covered utensils 1, 4, and 9 contain-
ing five pounds of distilled water were used for this test. The water and pan 
were brought rapidly to the boiling point and then the fuel rate was adjusted 
as low as possible to maintain boiling. Evaporation loss was recorded and ex-
pressed as ounces per hour. Boiling was maintained for 30 minutes and the 
gasoline consumption, in grams, for this period was recorded. Percentage 
efficiency was calculated as follows: 
Per cent efficiency = 
total heat loss of pan in Btu/ hr. x time in hours 
heating value of fuel x fuel consumption 
5. Heat Distribution From the Burner-The heat distribution was de-
termined first by scorching white blotting paper cut to fit the bottom of the 
cast iron skillet and was held in place by a piece of one-half inch wall board 
of the same diameter as the blotting paper. The burner and skillet were 
started cold with the fuel rate adjusted to give the desired flame spread. Heat-
ing was continued until a definite scorch was produced. The time of heating 
depended upon the fuel rate used. 
Baking griddle cakes on a cast iron griddle was the second method used. 
The cast iron griddle was used so that the browning of the cakes could be com-
pared with the scorch pattern obtained with the blotting paper. The griddle 
was heated by a low flame until a temperature of 400°F. was reached at a 
position slightly to the left of center. This temperature would cause a drop 
of cold water to bounce rapidly as small balls and sputter vigorously. The 
cakes were always dropped on the griddle from the side of a tablespoon in 
the same order and turned in the same order. The cakes were made 3 inches 
in diameter. The time for turning was determined when some bubbles had 
broken-before the batter became dry. Baking time was recorded. The recipe 
for the griddle cakes is given in section one of the Appendix. 
6. Burner Clogging Test-The burner fuel rate was adjusted for the one 
most satisfactory to rapidly heat pan 8. Two solutions were used-( a) soap 
solution made by filling pan 8 seven-eighths full of water and adding to it two 
to three tablespoons of bead soap ( this solution produced a very frothy suds); 
(b) starch solution made by filling pan 8 seven-eighths full of water and add-
ing enough rolled oats to form a thick mixture when boiled. 
Tests were conducted using each solution in turn on a clean burner. The 
solution was allowed to boil over for a sufficient time to determine the effect 
on the burner operation. 
B. Results 
1. Short-time Efficiency-The results for the short-time efficiency using 
pans 1 to 9 inclusive are shown by the shaded portion of the graphs in Figures 
16 to 19. Each efficiency shown is an average of a number of tests. 
The efficiencies for three burners are shown for stove A, Figure 16. While 
the front burners were the same size. the left front or master burner could util-
ize some of the generator heat; hence the efficiency of this burner was different 
from the right front burner. The rear burners were smaller in size and the 
results for only one are shown. On stove B, Figure 17, all of the cooking top 
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FIG. 16.-Short time efficiency, Stove A. 
burners were the same size and none of them could utilize the generator heat, 
so it was only necessary to study one burner. On stoves C and D, Figures 18 
and 19, the left front or master burner uti lized some of the generator heat, so 
it was necessary to study at least two burners. 
The relation between efficiency and the size of the pan is obvious from 
the charts. It is sufficient to point out that the efficiencies were g reatest with 
those pans having bottoms of large diameter. 
Since there was an uncertainty of 1 gram on each of the initial and final 
readings for measuring the input and an uncertainty of ± 1 ° F. on measuring 
the initial and fina l temperatures of the water, an uncertainty in efficiency of 
about ± 2.5 per cent could be expected for each test. In almost every case the 
difference between the value for the efficiency of an individual test and the 
average shown was equal to or less than ± 2.5%. 
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As a result of this expected variation of ± in efficiency, the only con-
clusion that could be drawn with regard to the relation between fuel rate and 
efficiency was that for the range of fuel rates used for each burner and utensil 
the efficiency was independent of the fuel rate. For determining the proper 
fuel rate the procedure was to bring the flame just to the edge of the pan and 
thus a constant fuel rate was not used for each burner. · However, in some 
instances an attempt was made to keep the fuel rate constant by keeping a 
constant difference between the weight readings on the scale, but the results 
obtained did not reveal enough differences in efficiency to warrant any con-
clusion other than that the efficiency was essentially constant over a rather wide 
range of fuel rates . 
While the efficiency of a burner with respect to a certain utensil may be 
obtained without reference to a specific fuel rate, the same is not true of the 
time of heating with relation to fuel rate. It is only by keeping the fuel rate 
constant that the time necessary to heat a quantity of water in one utensil 
can be compared with the time necessary to heat the same quantity of water 
in another utensil on the same burner. Obviously it would be useless to com-
pare the experimentally recorded times of heating because, unless by accident, 
no two fuel rates were the same. By using the relationship 
. f h . 360,000 x output 
time o eatmg = . % efficiency x fuel rate 
when the output is in Btu, the fuel rate is in Btu per hour and time of heating 
is in seconds, the times of heating for various utensils on any burner can be 
computed for a constant fuel rate. A comparison of times of heating calculated 
on this basis is listed in Table 7. Besides being a comparison of times of 
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TABLE 7. Time of heating with pans 1 to 9 for constant fuel rate on each burner
Fuel 
Stove Burner Rate 
Bt11/ hr. 
A L.F. 8,000 
A R.F. 8,000 
A L.R. 8,000 
13 any 9,000 
C L.F. 10,000 
C others 13,000 
D L.F. 8,000 
D others 8,000 
• Pan 7 contained 3 pounds of water. 
0 Pa n 8 conta ined I 1/2: pounds of water. 
Pan l 
111/1/.-SCC 
13 17 
15 39 
16 37 
14 ll 
12 51 
12 56 
12 32 
13 53 
Ali o ther pans contained 5 pounds of water
Pan 2 Pan 3 
111111- .scc 111111- scc 
12 44 12 41 
JS 8 J4 15 
16 25 15 21 
13 33 13 29 
12 19 11 7 
11 35 11 23 
12 27 ll 24 
13 39 12 43 
Time of heating for: 
Pan 4 Pan 5 Pan 6 Pan 7* 
n1111-sec 1>1111-sec m111-sec 11l/1l- SCC 
II 10 13 31 12 36 I J 14 
14 13 16 17 14 15 13 10 
14 19 17 16 16 54 12 46 
12 I 14 6 12 14 Jl 21 
JO 28 12 39 10 57 9 38 
9 46 11 49 10 22 9 9 
11 3 13 20 12 13 10 40 
12 30 13 57 13 7 10 I 
TABLE 8. Time of heating with pan 9 at various fuel rates. 
Time of heating at fuel rates (Btu / hr.) 
Stove Burner 6,000 7,000 8,000 9,000 10,000 ll,000 12,000 
nun- J·ec nnn-sec nun-sec min- sec n1111-src 111111- sec n11n-sec 
A L.F. 19 5 16 22 14 19 
A R.F. 2 l 21 18 18 16 1 
A L.R. 27 7 23 15 20 20 
13 any 21 9 18 30 16 27 14 48 13 27 
C L.F. 19 12 16 48 14 56 13 27 12 13 11 12 
C others 17 36 16 0 14 40 
D L.F. 18 28 15 so 13 51 12 19 
D others 19 55 17 5 14 56 13 17 
Pan 8*' 
1ni11- scc 
6 31 
7 47 
7 10 
6 18 
5 49 
5 15 
6 24 
6 38 
13,000 
m.in-sec 
13 32 
Pan 9 
111117- SCC 
14 19 
16 1 
20 20 
16 27 
13 27 
13 32 
13 51 
14 56 
14,000 
nun-sec 
12 34 
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heating for different pans on the same burner, the data in Table 7 also show 
a comparison of burners and stoves. Essentially this table shows in another 
manner the difference in efficiencies of the various burners. This point is 
further exemplified in Table 8 by the comparison of times of heating of 5 
pounds of water in pan 9 on the various burners and stoves at different fuel 
rates. 
Of course one of the barriers that limited the measurement of the exact 
efficiency of a burner was the amount of heat used by the generator burner. 
Not only was this heat unknown but it varied between tests. In Figures 16 
and 18 there is shown by the dotted-shaded section an increase in efficiency for 
pans 1, 4, 7, 8 and 9. This efficiency was obtained by replacing the gasoline 
burner under the generator with a small gas burner. The gas burner was 
made of ¼ -inch pipe with 32 ports of 5/ 64-inch diameter placed in two rows, 
and was approximately the same length as the gasoline burner. The quantity 
of gas and amount of primary air supplied to the burner was controlled by a 
Tirrell laboratory burner. For the experiments on stove C the gasoline burner 
under the generator was finally adapted to operate with natural gas, so it was 
used in place of the gas burner described above. It might seem that the gas 
burner was adding an unknown quantity of heat to the gasoline fuel but a 
consideration of the process of converting the liquid fuel to gaseous fuel with 
the gasoline burner under the generator reveals that this same endothermic 
process takes place with the gas burner, so actually the gas burner only replaces 
the heat used by the gasoline burner. Further, the ratio of fuel used by the 
generator burner to the total input is not constant but increases as the fuel rate 
decreases. The amount of heat used by the generator burner on stoves A and 
C for different burners and pans is fairly represented by the percentages in 
Table 9. 
TABLE 9. Percentage of heat used by the generator burner
Stove A Stove C 
Left Right Left 
Pan front front Rear front 
burner burner burner burner 
per cent per cent per cent percent 
1 18.9 26.9 24.5 11.4 
4 9.9 23.2 16.4 19.2 
7 27.4 39.2 31.8 26.7 
8 36.1 44.2 34.6 37.8 
9 22.4 23.0 31.9 18.4 
The final factor that was studied while determining the short time effi-
ciency was the change in height of the left front burner on stove B. By means 
of a brass collar and a reshaped burner bowl the burner was raised inch, 
making the distance between the bottom of a pan and the burner ports one 
inch. The efficiency tests were repeated and the results showed that there was 
no significant change in efficiency. In view of these results, it seems best to 
leave the burner distance from the bottom of the pan at 1 inches to insure 
the best conditions for the proper combustion of the fuel. 
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2. Maintenance of Boiling-The value of the maintenance of boiling test 
was to determine whether the burner flame could be turned low enough to 
keep water gently boiling without evaporation. On the stoves studied two 
types of fuel rates were used for this test, one for which the flame was turned 
as low as possible, in most cases to the fluttering stage, and for the other the 
flame was maintained at the lowest steady state. The first type of flame had 
to be watched continually to prevent its going out, and from time to time the 
generator valve had to be readjusted. The second type of flame is the one 
that would be used during practical cooking operations because it did not re-
quire constant attention . Unfortunately none of the burner flames could be 
turned low enough to prevent evaporation, values of which varied from a low 
of 1.5 ounces per hour to a high of 18.75 ounces per hour. 
TABLE 10. Maintenance of boiling inputs for no evaporation and maintenance 
of boiling efficiencies. 
Actual input 
Average as percentage of Average percentage Average percentage 
Stove Burner input average input for efficiency, actual efficiency for no 
fo r no no evaporation input evaporation 
evapora- Maxi- Mini-
tion 111Ul11 1nu1n Pan 1 Pan 4 Pan 9 Pan 1 Pan 4 Pan 9 
Btu / hr. % % % % % % % % 
A Front 1,640 151 97 15.3 32.7 16.5 19.7 38.9 21.0 
A Rear 1,500 120 88 21.3 38.1 20.4 24.0 40.2 22.1 
B any 2,350 134 82 12.7 24 .9 11.l 15 .2 29.5 12.2 
C L.F. 2,560 165 97 10.4 20.2 9.5 13.7 25. 8 12.5 
C others 3,140 159 96 7.7 17.8 8.9 9.8 22.1 11.2 
D L.F. 2,670 143 136 8.9 18.8 8.1 12.2 2i.O 11.0 
D others 3,140 160 124 7.0 13.6 7.9 10.0 I 9.3 11.7 
The results for the maintenance of boiling have been summarized in 
Table 10. The input for no evaporation was calculated by deducting from the 
actual input the heat lost by evaporation and then taking the average for each 
burner. Values of actual input lower than those listed as average input for 
no evaporation were definitely those for the fluttering flame. Most of the 
actual inputs were considerably higher than the average input for no evapora-
tion and the range of values is indicated in terms of percentage of average input 
for no evaporation. It is evident from the values of percentage efficiency that 
there was a great loss of heat from these burners both by evaporation and 
through the stove and surroundings. Of course, part of the input was used 
by the generator burner and this could not be determined except by substitut-
ing the gas burner. Judging from the results of a few tests where the gas 
burner was used it appeared that about 50 per cent of the input was used 
by the generator. 
It is important to note that during the operation of these burners with a 
very low flame considerable odor was noticeable, and often the products of 
combustion smarted the eyes. 
The practical significance of these maintenance of boiling results is that 
first, for actual cooking considerable water would have to be used to com-
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pensate the liquid lost through evaporation, second, the burner flame should 
be turned as low as possible to maintain a steady flame but never so low as to 
flutter, and third, since there always will be considerable evaporation of water 
it is not essential that the cover fit the pan tightly. 
3. Heat D istribution From the Burners- Two kinds of heat distributions 
have been considered first the one produced by a full flame that would be used 
to obtain a high pan temperature such as for pan broiling steaks and second 
the one produced by a low flame that would give a relatively low pan tem-
perature to be used, for example, for griddle cakes. These two types of heat 
distribution are shown by the scorch patterns in Figure 20 obtained by scorch-
FIG. 20.- Heat distribut10n for the cooking top burners. Legend : First letters A, B, C, D 
denote stove. Seconci letters denote burners LF, left front; RF, right front ; RR, rig ht 
rear. Last letter denotes flame height, H high, L low. 
ing white blotting paper in an iron skillet. The iron skillet was used because 
localized heating is more pronounced than with an aluminum skillet which 
exhibits a rather uniform distribution of heat over the bottom. Each pattern 
has been labeled in a manner that identifies the stove, burner, and flame height. 
The first letter denotes the stove, the second set of letters denotes the burner 
and the last letter signifies the flame height. The blotting paper was placed 
in the skillet such that the letters faced the handle and when the skillet was 
placed over the burner the handle was pointed toward the front of the stove. 
Thus, the letters on the scorch pattern also signify the position of the pattern 
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with respect to the burner. The heat distribution shown by the scorch pat-
terns are self-explanatory and need no discussion. 
The results for the tests using griddle cakes showed a heat distribution 
similar in each case with those shown in Figure 20 for the low flame tests. 
Hence, it was concluded that since the griddle cakes involve considerable labor 
and time in contrast to the blotting paper test, it is more desirable to use the 
blotting paper as a means of determining the heat distribution from a burner. 
A further advantage of the blotting paper test is that it can be performed by 
anyone with very little advanced preparation. 
4. Burner Clogging by Boil-overs-Stove A-The left front and left rear 
burners were tested with both cereal and soap solutions. Each burner was 
small enough and the ports were protected sufficiently that neither burner was 
affected by either solution, and they were rated as non-clog. 
Stove The burners on this stove were not affected by either of the solu-
tions used and the burners were rated as non-clog. 
Stove C-Soap solution test. When the left front burner was tested the 
generator flame was extinguished. The mast.er burner was not seriously af-
fected because it was so hot that the water spattered off. Of course since the 
generator burner flame was put out the stove soon became inoperative. The 
flame on the rear burners was almost extinguished but several of the slits kept 
burning with a long flame so that a few ports were kept dry although water
filled most of the slits. 
Cereal solution. Both front and rear burners were completely extinguished 
by this solution and the gas could not be re-lighted . The slits and some of
generator burner ports were badly clogged and part of the ·generator. flame 
was put out. 
The burners on this stove could not be rated as non-clog. 
Stove D-Soap solution. None of the burners were affected by this solu-
tion The flame on two sets of the generator burner were put out but the 
ports relighted when the pan was removed. _ 
Cereal solution. About two-thirds of the ports on the rear burners were 
clogged but the flame was not entirely extinguished. On the left front burner 
less than half the ports were clogged and three sets of the generator burner 
ports were clogged. Because of the insufficient generator flame the burner 
flame became very yellow and burned unsatisfactorily. 
As a result of the poor performance with the cereal solution the burners 
on this stove could not be considered as non-clog. 
PART V-OVENS 
A. Experimental Procedure 
I. Time and Room Temperature Measurement-Time was measured by 
stop watches that were accurate to ± one second during the passage of 200 
minutes. 
Room temperature was maintained at 80° ± 2°F. for all oven tests Air 
currents from the room cooling apparatus were controlled so that no drafts 
were directed on the ovens. 
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2. Temperature Measurement-Average oven temperature for the technical 
tests was measured by five copper-constantan thermocouples of No. 28 gauge 
(B & S) enamel-covered wire joined in parallel and connected to a Leeds and 
Northrup Precision Portable Potentiometer. The couples were arranged on 
a rack in the m id-plane of the oven with a couple at each corner one-eighth of 
the oven depth in from the back and front and a fifth couple at the center. For 
oven temperatu re distribution measurements a lower plane of 5 couples one-
eighth of the interior height from the bottom and an upper plane of 5 couples 
one-eighth of the interior height from the top were added. The fifteen couples 
for the oven temperature distribution were connected separately to the po-
tentiometer. The cold junctions were kept at the temperature of melting ice. 
For the experimental food tests oven temperature was measured by 5 iron-
constantan couples of No. 24 gauge wire joined in parallel and connected to 
a pyromillivoltmeter. T he couples were secu red to a rack in such a manner 
that the food could be a rranged in the oven without interfer ing with the 
couples. An additional couple was placed in the center one inch from the 
top of the oven. 
3. Preheating-Initial average oven temperature, time, and weight read-
ings for fuel consumption were taken at the instant the oven burner was lighted. 
The fuel rate was adj usted for some chosen rate of heating, varying from as 
full a flame as the oven hurner would stand without producing a yellow flame 
to a rather slow rate. T he chosen fuel rate was kept as steady as possible by 
adjustment of the generator. Temperature and weight readings were taken 
every two minutes until an average oven temperature over 500°F. was reached 
or until a heating period of at least 24 minutes had elapsed. The relation of 
oven temperature to time, fuel input to time, and oven temperature to fuel 
input were obtained from these data. 
4. Rate of Cooling-The oven was heated to approximately 550°F. and 
then the burner was turned off. T he initial time for the rate of cooling was 
taken when the average oven temperature passed through 500°F . Then tem-
peratures were recorded at two minute intervals for the first 20 minutes and 
at five minute intervals for the remaining time until the average oven tem-
perature was less than 140°F. 
5. Heat to Maintain-The heat to maintain the empty oven at a desired 
temperature was determined by regulating the generator for a fuel input that 
would keep the average oven temperature to within ± 2° F . T he fuel con-
sumption was measured for a one hour period and the input expressed as 
Btu/ hr. 
6. Heat Loss- The total heat loss of the empty oven was measured by reg-
ulating the input of a natural gas burner ( which was substituted for the gaso-
line burner) to maintain a desired average oven temperature constant to within 
± 1 ° F. The . gas burner was fastened in the same position as the gasoline 
burner so that the height between the burner ports and the centerline of the 
flue outlet was the same as for the gasoline burner. Gas consumption was 
measured for a one hour period and the input was expressed as Btu/ hou r. 
Gas rates were regulated to give as low an input as possible without any of 
the flames of the burner ports extinguishing. 
7. Flue Loss-The flue loss for each oven was determined by securing a 
sample of the combustion products at the steady state temperature desired and 
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analyzing for the percentage oxygen from which the excess air in the sample 
could be determined. Knowing the composition of the fuel, the relation be-
tween flue loss and excess air could be determined for any oven temperature 
desired. The complete details for these calculations are given under the sec-
tion on results. 
8. Wall Loss and Total Heat Loss Using the Gasoline Burner-These losses 
were not determined directly but were calculated from the experimental data 
secured by measuring the total heat loss using natural gas as fuel and from the 
flue loss data for both gasoline and natural gas fuels. 
9. Surface Temperatures-Surface temperatures were measured by the pre-
cision potentiometer and a copper-constantan thermocouple with the hot junc-
tion brazed in the face of a copper disc 7 / 32-inch in diameter and 1/ 64-inch 
thick. The disc was held flat against a small cork which served as a handle. 
Sufficient time was allowed between each reading to insure the procurement 
of the correct temperature. The top, right side, and back of each oven were 
divided into 16 equal areas by three equally spaced horizontal and vertical 
lines for each panel. The oven door was divided into 12 equal areas by two 
equally spaced horizontal lines and three equally spaced vertical lines. The 
vertical lines on the oven door were continued on the broiler door and one 
horizontal line in the middle of the broiler door was used to divide this panel 
into eight equal areas. See Figures 2 and 39. On stoves A and B a rim 1 ½ 
inches wide was marked around the oven door as shown by the broken lines 
in Figures 2 and 39. 
10. Internal Heat Distribution-For the empty oven during the steady-
state period, temperatures were measured at each of the fifteen couples at in-
tervals of 15 minutes. The five sets of readings obtained were averaged for 
each couple position and the resultant temperatures used to designate the in-
ternal temperature distribution. 
Data for the heat distribution for a loaded oven were obta ined by baking 
bread, layer cakes, and baking powder biscuits. A Mirro 5484 M baking sheet 
10" x 13 ½ " was used for the baking-powder biscuits; Wearever aluminum 8" 
layer cake pans No. 286 were used for the cakes and dull tin bread pans-
bottom dimensions 7½ " x 3½", top dimensions 8¼ " x 4¼ " and height 
2 ¾" were used for the bread tests. 
A rack holding five iron-constantan thermocouples was used to measure 
temperatures in the mid plane of the oven. The position of these couples rela-
tive to the food depended upon the load and upon which rack the food was 
placed. T emperature readings were recorded every five minutes during the 
baking period and the average for each position used to designate the temper-
ature in the vicinity of each couple. The ovens were preheated to a tempera-
ture slightly higher than the desired baking temperature in some cases and 
in others only to the baking temperatures. Since the heat had to be controlled 
manually, considerable variation in temperature settings from one test to an-
other was obtained. For each baking temperature desired the flame was ad-
justed as often as necessary to keep this temperature as measured by a single 
couple at the top of the oven. The five couples on the rack can not be used for 
the measurement because they are affected by the food. Fuel consumption 
was not measured since what was desired from the baking tests was a com-
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panson of the loaded oven heat distribution with the empty oven heat dis-
tribution and to determine if a satisfactory baked product could be obtained 
from each oven. 
Recipes and the method of combining the ingredients are given in the 
Appendix. The bread was baked at 425 °F. for 40 minutes. The position of 
the pans on the lower rack are shown in Figure 21. The test was repeated 
with the pans placed on the middle rack as shown in Figure 22. The layer 
D 
DD 
F"RONT 
LOWER RACK 
FIG. 21.-Arr a n ge-
ment of bread on 
lower rack. 
DD 
D 
F"RONT 
MIDDLE RACK 
FIG. 22.-A rran ge-
ment of bread on 
middle rack . 
cakes were baked at 375°F. for 25 minutes. The pans were staggered on the 
oven racks as shown in Figure 23. The test was repeated with the cakes 
staggered on the racks in the reverse order. The biscuits were baked on the 
upper rack for 15 minutes at from 420° to 450°F. The test was repeated 
with the biscuits baked on the lower rack. 
RACK RACK 2 
FIG. 23.- Arrangcmcnt of cakes in oven. 
B. Results 
In two reports on domestic gas range research the American Gas Associa-
tion Testing Laboratories have considered the performance of ovens with re-
gard to flue losses, insulation, metal to metal contact, size of secondary air 
openings, size of flue openings, openings through the oven bottom above the 
burner and other factors.8 Many of the results found for gas stoves can be 
applied to gasoline stoves because if the gasoline burner is removed and re-
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placed by a gas burner the oven acts as a gas oven. Consequently, wherever 
practical, use has been made of the above reports to help in the analysis of 
these gasoline ovens. In the section on flue loss presented later in this bulletin 
equations have been developed which can be applied to any oven burning a 
gaseous fuel and they are important for calculating flue loss when changing 
from one fuel to another. 
1. Rate of Preheating-The rate of preheating for these ovens was con-
trolled entirely by the generator valve. Several different rates from a rapid rate 
where the oven burner was definitely overloaded to a slow rate that was de-
cidedly too slow to raise the oven temperature rapidly enough were tried . By 
changing the generator valve when necessa ry an input was obtained in most 
instances that was approximately a linear function with time. For these condi-
tions the rates of preheating, ( temperature as a function of time) are shown 
in Figures 24 to 27. Average input rates in Btu per hour are shown for each 
curve. With the exception of stove A, Figure 24, the maximum input rates 
shown were too high and in most cases caused the flame to be tinged with 
yellow. From the characteristics of the flame from the oven burner, optimum 
input rates were chosen to be: stove A-18,000 Btu per hour ; stove B- 22,000 
Btu per hour; stove C-26,000 Btu per hour and stove D-18,000 Btu per hour. 
These inputs include the energy used by the generator and thus the actual 
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inputs for the ovens should be the difference between the total input and the 
energy used by the generator burner. From the heat to maintain and heat 
loss data it was estimated that the percentage of the total preheating input 
consumed by the generator was 21 per cent for stove A, 14 per cent for stove B, 
25 per cent for stove C, and 20 per cent for stove D. Thus the actual optimum 
preheating inputs at the oven burner would be stove A-14,220, stove B-
18,920, stove C-19,500, stove D-14,400 Btu per hour respectively. 
Only stoves A and B, Figures 24 and 25, had oven thermometers that were 
graduated in degrees; hence these were the only oven thermometers read dur-
ing the preheating. Only one oven thermometer preheat curve is shown by a 
broken line for oven A, namely the one corresponding to curve 5, Figure 24. 
This curve is typical of the manner that the oven thermometer indicated the 
average oven temperature during preheat. It is evident that the thermometer 
had no lag until a temperature of 325° F . was reached; then the thermometer 
began to read slightly low. Quite in contrast to the oven temperature indi-
cator of stove A was the one on stove B. The great lag of this thermometer 
is shown by the curves labeled oven thermometer in Figure 25. As may be 
seen in Figure 2 the temperature indicator was located in the oven door panel 
and as the curve in Figure 25 show, this was a rather insensitive position. 
While no temperature readings were taken for the oven thermometers on stoves 
C and D, observation during preheating showed that they reacted similarly to 
the temperature indicator on stove B. 
2. Rate of Cooling-Curves showing the rate of cooling of each oven from 
an initial temperature of 500° F. are presented in Figure 28. These curves show 
the heat loss as represented by temperature as a function of time for the com-
bined effects of insulation effectiveness, metal to metal contact and flue loss 
which includes all leakage as well as the flue opening. 
3. Heat to Maintain-The term heat to maintain" as used in this bulletin 
represents the energy supplied in Btu per hour to the generator and oven 
burners to maintain an oven at a desired temperature for the steady state. It 
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is obviously different from the total heat loss of the oven by the amount of 
energy used by the generator burner. H eretofore, fo r other types of stoves, 
i.e., gas and electric, the terms " heat to maintain" and "heat loss" have been 
used synonymously. Curves showing the relation of the input necessary to 
maintain the ovens at various temperatures are given in Figure 29. The low-
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est input that could be maintained without the flame at either the generator 
or oven burners going out is indicated by the * on each curve. Since no tem-
peratures below this point were obtainable the curves a re shown as broken lines. 
The lowest temperature for oven B was reached with a special burner the 
The special burner was made with about ½ as many slits as the regular burner in order to decrease the 
amount of heat for the lowest possible flame This burne r gave satisfactory performance for preheat ing . 
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regular burner gave a low temperature of 300°F. However, these curves are 
insufficient for a comparison of the ovens, primarily because the generator 
burner energy is included. Actually what is needed is a comparison of the 
total heat losses and if possible a comparison of wall losses in order to effectively 
compare the ovens with regard to insulation and metal to metal contact. The 
thickness of insulation used for the various walls was given in Table 2 and 
while it is some indication of useful insulation it does not tell the whole story. 
What is needed is a determination of the total heat loss and the flue loss using 
the gasoline burner. From these quantities the heat loss through the walls 
can be calculated. 
4. Experimental Determination of Total Heat Loss order to eliminate 
the heat used by the generator, the gasoline burner in each oven was replaced 
by a gas burner on the assumption that as long as none of the oven character-
istics were changed the heat loss could be measured by using natural gas as 
fuel. This total heat loss per cubic foot of oven space as a function of tem-
perature is shown for each oven in Figure 30. The relation between heat loss 
and temperature was determined for oven temperatures as low as about 200°F. 
since the burner flame could be operated at very low inputs. In order to de-
termine whether the heat loss curves in Figure 30 also represented the heat 
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loss when the gasoline burner was used, it was necessary to determine the 
flue loss at a specified oven temperature during the steady state for both gaso-
line and natural gas fuels. 
5. Experimental Flue Loss flue loss for any given oven temperature 
may be computed when the composition of the products of combustion and 
the composition of the fuel are known.* For analyzing oven performance it 
is most convenient to use the percentage flue loss with relation to the percentage 
excess air in the products of combustion where the term "percentage excess air" 
is defined as the percentage of air theoretically required for complete com-
bustion. The specific relationships for fuels 3 and 4 at oven temperatures 
300, 400, and 500 °F. are shown in Figure 31 and these were the fuels used to 
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compute the flue loss when the gasoline burner and gas burner were used. 
The curves are all shown as continuous lines denoting that the water vapor 
was considered as being condensed for all values of excess air Thus to find 
the flue loss at 300, 400, and 500°F. all that was necessary was to analyze the 
products of combustion for percentage carbon dioxide and oxygen, compute 
the percentage excess air and determine the percentage flue loss from the 
graph. Percentage excess air may be computed from the percentage CO2 by 
the formula8 
For computing flu e loss the fl ue gas temperatu re during the mai ntena nce period was assu med to be the 
same as the oven temperature. 
0 Ac tua ll y the cun·es fo r fue l 3 a nd fuel 4 become d iscont inuous a t excess air equal to 353 % a nd 49 1°/4 
respec tively for to== 80° F. These cur Yes are con tinuous fo r va lues of excess air from 0% to over 850% 
for to == 60° F. 
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E = ( - U- C_0C_2 0_2_ ) l~P (6) 
or from the percentage 0 2 by the formula 
E-( 02 
- 20.93-02 
) l~P (7) 
where E = percentage excess air, per cent of air theoreticall y required for complete com-
bustion 
CO2 = percentage carbon dioxide in products of combustion 
02 = percentage oxygen in products of combustion 
P = dry products from perfect combustion , cubic feet per cubic foot of gas burned 
A = air theoreticall y required for complete combustion, cubic feet per cubic foot 
of gas burned. 
In most cases the amount of oxygen in the flue gas was large compared to 
the amount of carbon dioxide and thus the relative error for measurements 
during analysis was less, so excess air was computed by means of equation 7. 
The equations relating percentages flue loss and excess air for oven tempera-
tures 300° , 350° , 400° , 450° and 500°F. are given by equations 8 for fuel 3 
and equations 9 for fuel 4. 
F 3 _ 500 = 
F 3 _ 450 = 
F 3 _ 400 = 
F 3 _350 = 
F 3 _300 = 
F 4_500 = 
F,1 - 450 = 
F4 _ 400 = 
F 4 _ 350 = 
F 4 _ 300 = 
15.27 + .07255E l 
14.27 + .06386E 
13.28 + .05513E 
12.29 + .04647E j 
11.31 + .03780E 
18.30 + .07417El 
17.23 + .06526E I 
16.17 + .05635E ~ 
15.11 + .04749EJ 
14.05 + .03864E 
where F x, 'l' = percentage flue loss for fuel x at oven temperature T 
E = percentage excess air 
(8) 
(9) 
The experimental percentage flue losses for ovens A, B and C are sum-
marized in Table 11. Since the oven of stove D was identical in construction 
with that of stove C flue loss was not determined for this oven because the 
flue losses for oven C were applicable to it. Considering these data a number 
of factors became apparent, first when the characteristics of the oven were 
kept constant the volume of gases passing through the flue was essentially 
constant irrespective of the oven temperature or the fuel used second the 
percentage flue loss was less when using fuel 3 than it was when using fuel 4, 
third, the total heat loss was less when using fuel 3 than it was when using 
fuel 4, and fourth, the wall loss was the same for each fuel. It would be ex-
pected that the wall loss should be constant for the same oven temperatures 
regardless of the fuel used because the wall loss depends only on the insulation 
and metal-to-metal contact, room temperature remaining constant. 
This sa me conclu sion was drawn from the work at AGA Testing Laboratory. 8 
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TABLE 11. Experimental fiue losses. 
Volume 
Average H eight from of g<ises 
Wall loss Stove Fuel oven burner to Total pass ing 
tempera- Flue center line heat Excess Flue through Experi- Oilcu-
tu.re area of Aue loss air loss Aue mental lated 
OF. sq.in. tn . Btu / /,r. % % cu.ft./ hr .. Btu / hr. Btu/ hr. 
A 3 500 4.94 14.5 8,276 376. 1 42.56 368.8 4,754 4,776 
A 4 500 4.94 14.5 8,500 343.8 43.8 366.0 4,783 4,776 
A 3 400 4.94 14.5 5,769 571.9 44.81 36 1.6 3, 184 3, 157 
A 4 400 4.94 14.5 5,925 536.5 46.40 363.2 3, 176 3,157 
A 4 500 3.43 15.75 8,624 355.4 44.66 380.9 4,772 4,776 
A 4 500 2.44 14.5 8,085 306 41.00 3 I 9.3 4,770 4,776 
A 4 400 2.44 14.5 5,577 52 ! 45.5 333.7 3,039 3, 157 
B 3 500 2.97 16.0 7,790 309.2 37.70 299.0 4,853 4,843 
B 4 500 2.97 16.0 8,000 285.2 39.45 300.0 4,844 4,843 
B I 500 2.97 16.0 8,054 3i7.2 39.86 329.6 4,844 4,843 
B 2 500 2.97 16.0 7,937 318.4 38.97 313. 1 4,844 4,843 
B 3 400 2.97 16.0 5,404 495.5 40.6 300.5 3,2 10 3,2 12 
B 4 400 2.97 16.0 5,550 467.3 42.5 303.9 3,191 3,212 
C 4 500 3.66 17.5 8,650 380.2 46.5 402 4,628 4,626 
C 4 450 3.66 17.5 7,320 468.4 47.8 401.6 3,82 1 3,8 14 
C 4 400 3.66 I 7.5 6,040 584.3 49.1 397.6 3,074 3,045 
C 4 350 3.66 I 7.5 4,800 755 .7 5 l.0 394 2,352 2,3 08 
C 4 300 3.66 17.5 3,660 914.8 49.4 355 1,852 1,660 
From these data in Table 11 there is enough information to calculate the 
total heat loss for fuel 3; the flue loss as a function of temperature and the wall 
loss as a function of temperature as will be shown from the following de-
velopment. 
Development of Equations for Determining Total Heat Loss, Flue Loss, 
and Wall Loss for One Fuel in Terms, of a Measured Total Heat Loss With a 
Different Fuel-Choose any two gaseous fuels to be burned in an oven in which 
the dimensional characteristics such as flue area, height of the center line of 
the flue above the burner ports, secondary air openings, flue duct areas, and 
openings into the oven bottom are kept constant. Then for any given oven 
temperature, T 
Let H 1 = total heat loss for fuel 1, Btu per hour 
H 2 = total heat loss for fuel 2, Btu per hour 
W 1 = wall loss for fuel 1, Btu per hour 
W 2 = wall loss for fuel 2, Btu per hour 
E 1 = percentage excess air for fuel 1 
E2 = percentage excess air for fuel 2 
F 1 = percentage flue loss for fuel 1 
F 2 = percentage flue loss for fuel 2 
j = cu. ft. of CO2 + H 2O + N2 per cu. ft. fuel 1 burned 
k = cu. ft. excess air per cu. ft. fuel 1 burned 
m = cu . ft. of CO2 + H2O + N2 per cu. ft . fuel 2 burned 
42 AGRICULTURAL EXPERIMENT STATION BULLETIN 127 
n = cu. ft. excess air per cu. ft. fuel 2 burned 
V = volume of total flue products, cu. ft . 
r = heat of combustion of fuel 1, Btu per cu. ft. (dry) 
s = heat of combustion of fuel 2, Btu per cu. ft . (dry) 
If we make the hypothesis that the same volume of gas passes out of the flue 
for all temperatures when oven characteristics are kept constant, then 
V _ (k E1 + . ) H 1 _ ( E2 + ) H 2 
- 100 i - r - - nlOO m - s-
from which 
and 
100 sV 
E2= - ( - -m) 
n H2 
Now the percentage flue loss for fuel 1 will be given by 
F1 =a+ bE1 
and for fuel 2 by 
F2 = C + dE2 
Putting the values of E1 from (11) in (13) and E2 from (12) in (14) 
F _ + 1006 ( rV . ) 1 - a -- -- - J 
k H1 
and 
100d sV 
F2 = c + -- ( - - -m) 
n H 2 
The wall loss in Btu per hour will be 
F1 W1 = (1---·) H 1 100 
(10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
Now since the wall losses must be the same regardless of the fuel used (17) 
and (18) can be equated and using values of F1 and F 2 from (15) and (16) 
the heat loss of H2 can be found in terms of the other known quantities. So 
H2 = lr (l-Jijo +-f-) iH, +{( ( ~-+) 1 V (19) 
(l- - c - + dm) I (l- - c- + dm) I 
100 n J 100 n J 
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For all practical purposes the second term in ( 19) can be neglected because in 
actual value it will not amount to more than 1.5 Btu per hour. Thus the total 
heat loss for fuel 2 in terms of the total heat loss from fuel 1 will be 
(20) 
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7. Calculated Total Heat Loss, Flue Loss and Wall Loss for Gasoline 
Burner in Oven-Applying equation (20) to the two fuels used in this study 
it was fo und that the heat loss from the oven with the gasoline fuel was related 
to the heat loss with the natural gas at all oven tem peratures by 
H 3 = 0.9737H 4 (21} 
The total heat loss per cubic foot of oven space fo r each oven usi ng the gasoline 
burner as calculated from equation 21 is shown by the curves in F igure 32. 
(The kerosene was assumed to py rolize to a fuel similar to fuel 3.) 
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PRESSURE GASOLINE AND KEROSENE STOVES 45 
By using the proper values of a, b, c, d, for each oven temperature, T, the 
flue losses in terms of temperature can be calculated from equations ( 15) and 
( 16). Values of percentage flue loss have been plotted against oven tempera-
ture in Figure 33. It is interesting to note that all of these curves fit an equa-
t ion of the form 
F = a+ bT+ cT2 
In Figure 33 the flue loss is shown only for the temperature range 300° to 
500°F. but for the range 200° to 600°F. the flue loss can be found from the 
following equations: 
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stove A, F = 69.28 - 0.085T + 0.000062T2 
stove B, F = 69.47 - 0.1048T + 0.000083T2 (22) 
stoves C and D, F = 72.20 - 0.0804T + 0.000052T2 
stove A, F = 70.72 - 0.0863T + 0.000065T2 
stove B, F = 71.05 - 0.1044T + 0.0000825T2 (23) 
stoves C and D, F = 74.75 - 0.0855T + 0.000058T2 
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T he wall loss in Btu per hour per cubic foot of oven volume has been cal-
culated using equation (17) and the curves are shown in Figures 30 and 32 . 
In order to see the relation between the heat to mai ntain and the total heat 
12000 
11 000 
100 0 0 55 
54 
,, 
9000 53"' l) 
() 
522 
..... 
8000 51 ~ 
,., 
7000 
O'. 
:::, 
0 
:i: 
a: 6000 
.., 
Q. 
:::, 
t- 5000 m 
4000 
3000 
50?s~o---20~0---2J.s_o __ 3_00L_ _ 3~50 ___ 4Jo~o--4-5~0--~~ 
OVEN TEMPERATURE- DEG.r. 
FIG. 36.-0ven heat losses, stove C. 
48 AGRICULTURAL EXPERIMENT STATION BULLETIN 127 
loss, flue loss, and wall loss for the total oven volume these quantities have 
been plotted against oven temperatures for each stove and they are shown in 
Figures 34-37. It is of interest to note that in terms of total oven volume 
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stoves C and D had the highest heat loss and stove B the lowest loss but in 
terms of heat loss per cubic foot of oven volume stove A had the greatest heat 
loss and stoves C and D the least loss. 
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8. Sudace Temperatures-One thing that was not done quantitatively was 
to break the wall loss into insulation loss and metal-to-metal contact loss. How-
ever, some indication as to where the heat was escaping through the oven 
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walls was gained by measuring the surface temperature for steady state internal 
oven temperatures 300° , 400° , and 500°F. Only the surface temperature for 
oven temperature 500°F. are shown in Figures 38a to 38f since the surface 
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temperatures at oven temperature 400° and 300°F. followed the same pattern 
but were correspondingly lower in value. The lines in Figures 38a to 38f are 
used merely to aid the eye in passing from point to point. The respective 
areas corresponding to the numbers in Figures 38a to 38£ are shown diagram-
matically in Figure 39. The areas, in square feet, of the exterior oven surfaces 
are listed in Table 12. Ovens C and D had the largest area and oven B the 
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TABLE 12. Areas of exterior surfaces of oven. 
Oven Broiler 
Stove Top Side Back door door 
sq.ft. sq.ft. sq.ft. sq.ft. sq.ft. 
A 2.72 3.87 3.56 1.71 1.14 
B 2.90 3.67 3.40 1.80 1.02 
C 2.90 4.13 3.56 2.37 1.29 
D 2.90 4.13 3.56 2.30 1.35 
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least. Note the high temperature in the column formed by areas 2, 6, 10, 14 
for stove C, Figure 38a. This is accounted for by the lack of insulation next 
to the flue duct as was first noted in the description of the stoves. Also note 
how the column formed by areas 17, 21, 25 has a high temperature for all the 
ovens. No doubt part of this was caused by leakage around the oven doors 
and part to metal-to-metal contact with the interior of the oven. Another 
example of metal-to-metal contact by means of a bolt from the inside of the 
oven was shown by the high temperature at area 42, Figure 38c, on the back 
of stove A . During the temperature measurements on stove D it was noted 
that the broiler door was warped in the neighborhoqd of areas 61 and 62, 
Figure 38e, and extra leakage at this point may explain the higher tempera-
ture found there. 
9. Internal Heat Distribution characteristics of an oven can be de-
termined by studying the preheating rate, the heat loss, and heat to maintain, 
but primarily an oven is designed to bake and cook food. Hence one of the 
important characteristics that must be known is the uniformity of the internal 
heat distribution. From the technical point of view the heat distribution was 
determined by measuring the gas temperature at a number of positions in the 
oven. These temperatures were taken when the oven was empty and in the 
steady state and hence may not be indicative of the conditions for a loaded 
oven but they do show something about the manner in which the heat was 
being admitted to the oven proper. The results have been summarized in 
Table 13, in the form of temperature variations from the average oven tempera-
TABLE 13. Variations of internal oven temperature. 
Variations of internal temperatu re fo r average oven temperatures, ° F. 
Stove A Stove B Stove C Stove D 
Position 300 398 502 310 403 500 300 399 500 301 400 502 
Lower plane 
L.F. -6 -7 -1 1 + 1 - 3 -3 - 4 -7 - 8 + 4 + 3 + 7 
R.F. -- 5 -6 - 5 + 1 -1 -2 + 5 +11 +15 + 6 + 6 + 9 
L.R. + 1 - 1 -3 - 12 - 20 -27 -6 --13 - 18 - 12 - 21 - 28 
R.R. + 1 0 - 2 -11 - 18 -23 -9 - 13 -18 - 11 -18 -29 
Center -1 +12 + 16 - 2 -3 - 2 + 4 +10 +13 - 1 0 0 
Mid-plane 
L.F. -7 -6 -8 +12 +24 + 28 - 2 - 4 - 6 0 0 +10 
R.F. - 5 - 5 - 8 + 8 +14 + 23 + 9 +13 +15 + 11 + 14 +14 
L.R. + 5 + 3 + 4 - 10 - 17 -23 - 8 -11 - 16 - 8 - 12 - 16 
R.R. + 1 - 3 -4 -9 -17 -23 - 3 - 6 -8 - 6 - 11 - 17 
Center + 8 +12 +18 - 2 -3 -6 + 4 + 7 +13 + 6 + 7 + 8 
Upper plane 
L.F. + 1 + 2 + 2 -2 + 4 0 + -3 - 9 + 2 -1 + 1 
R.F. 0 + 3 + 3 - 2 -2 -3 + 5 + 5 + 5 + 7 +14 +19 
L.R. + 5 + 2 + 9 - 12 - 19 - 27 - 3 - 4 -9 0 0 0 
R.R. 0 -3 - 1 - 10 - 19 -27 + 2 + 1 -2 + 3 + 1 - 4 
Center + 12 + 17 +2s - 1 -4 - 8 + 5 + 6 + 6 + 11 + 15 +1 6 
ture. For example, for stove B the front and center portions of the oven at the 
lower plane were near the average oven temperature but the rear part of the 
oven was at a considerably lower temperature than average; in the middle plane 
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the front of the oven was hotter than average and the rear again lower than 
average and the conditions at the upper plane were similar to the lower plane. 
From these data in Table 13 some conception might be obtained as to the 
baking of foods in these oven, that is, whether the variations in temperature 
were great enough to cause uneven baking. 
The effect of foods upon the heat distribution was studied by baking bread, 
cake and biscuits. Using the recipes and techniques listed in the appendix 
satisfactory products were obtained in all of the ovens. 
The bread test was considered as being an uncritical test because it was not 
possible to load any of the ovens with six loaves of bread with the rack spacing 
as listed in Table 2. Either the top of the bread on the lower rack touched 
the middle rack or bread on the middle rack touched the top of the oven. To 
make a standard loaf of bread according to the amount of dough specified by 
the recipe a rack spacing of at least 5¼ inches was required . When three 
loaves of bread were baked on either the lower rack or middle rack, a satis-
factory product was obtained. During the baking period temperatures were 
measured in the mid-plane at five positions, the four corners and the center. 
These positions were either above or below the food depending on whether the 
lower or middle rack was used. With the exception of stove A the tempera-
ture distribution pattern was similar to those given for the empty oven. For 
stove A the left front and right rear positions were hotter than the right front, 
and left rear positions and the center tended to be cooler. This change in 
distribution may be partially accounted for by the fact that the flue gases in 
this oven left directly from the back without first passing through a flue duct. 
As an indicator of satisfactory heat distribution the layer cakes were con-
sidered as best. Here again except for stove A the temperature distribution 
was similar to that for the empty oven. The cakes were considered more sat-
isfactory as a test material because gradations in browning were obtained. 
These gradations in browning followed approximately the same pattern as 
was found for the empty oven. Also the fact that in general those portions of 
the cake nearest the center of the oven rose slightly higher than the portions 
facing the outer walls showed that the center tended to be cooled. However, 
all of the ovens were judged as satisfactory for baking cakes. 
The results for the biscuits may be summarized as follows: 
Stove A-Biscuits were golden brown on both top and bottom. On the 
lower rack the browning was uniform over the entire area but on the upper 
rack the browning was best through the center and front of the oven. 
Stove B--For both upper and lower rack the biscuits in the center were 
brownest. Those in front were browner than those in the back and those 
on the left were browner than those on the right side of the oven. 
Stove C-For both rack positions the biscuits were light brown on both top 
and bottom. On the lower rack the browning was uniform over the entire 
area but the bottoms were slightly darker than those baked on the upper rack. 
On the upper rack the right front area was slightly browner than the remain-
ing area. 
Stove D-On the lower rack the bottoms were a medium brown and the 
tops a light brown with the browning uniform over the entire area. On the 
upper rack the browning was less than on the lower rack and graduated from 
a darker in front to a lighter shade in the back. 
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For all of the ovens the biscuits had a flaky texture and a good volume. 
10. Changes in Oven Design-From the work done on gas ranges the AGA 
Testing Laboratory concluded that the most effective way of changing preheat 
times and inputs and maintenance rates was by controlling the area of the 
flue opening since the flue loss was a function of excess air.8 In order to use 
only the flue area for this control they concluded that the secondary air opening 
areas should be above 2.5 times the flue outlet area, the area of openings in the 
oven bottom should be at least four times the flue outlet area and the hori-
zontal flueways along the oven top should be at least 1.75 times the flue outlet 
area to produce no change in oven characteristics . That is, increasing these 
areas above these amounts had no effect on excess air through the flue. The 
areas of these various openings and the heights of the center line of the flue 
opening above the burner ports are listed in Table 14. 
TABLE 14. A reas of essential oven openings and height of fiue opening above 
burner ports. 
Openings 
into 
Stove Second- Oven horizon- Height of 
Flue ary air bottom Horizontal ta! flue flue from 
openingsopenings openings flue duct duct burner 
a b C d e h b / a c/ a d /<1 e/ a 
sq.111 . sq .in. sq.in. sq .in . sq.in. in. 
A 4.94 27.0 7.7 14.5 5.46 1.56 
B 2.97 16.0 36.0 18.00 3.10 16 5.39 12.12 6.06 1.04 
C 3.66 66.0 27.0 4.37 6.28 17.5 18.03 7.38 1.20 1.72 
D 3.66 66.0 27.0 4.37 6.2 8 17.5 18.03 7.38 1.20 1.72 
Using excess air as a criterion for flue loss, samples of flue gas were taken 
during the preheat period three minutes after the burner was lighted and the 
samples were analyzed for percentage oxygen and the excess air was computed. 
Natural gas was used for fuel except for two cases where samples had been 
taken while using the gasoline burner. Flue areas were decreased on ovens 
A and C to note the effect on preheat time and energy and excess air. The 
results are summarized in Table 15. While it is evident that a change in the 
flue area on ovens A and C did make a change in the percentage excess air for 
all practical purposes there was no effect noticeable when the preheating rates 
were plotted. In other words because of the nature of the oven design there 
must have been some other factor that was controlling the excess air. Further 
evidence of this condition was obtained when the percentage excess air for a 
tight oven was calculated from the formula relating flue area, A, the height, 
H, and the input, I, with the percentage excess air.8 The relationship is given by 
J X E-~08 
A = -------
15580 (6.37 + H) 
where I = input rate, Btu per hour 
A = flue outl et area, sq .in. 
E = excess air, per cent of that theoretically required for complete combustion 
H = height of center line of flue outl et above burner ports, inches · 
(24) 
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T ABLE 15. Variations in preheat excess air with fiue area. 
Excess Air Leakage 
F lue Flue Experimental Calculated coefficient 
Stove height area Input Unsealed Sealed from from Experi- Calcu-
H A I oven oven A, Hand I F , W , I mental lated 
tn . sq .in. Btu.l,r. ¼ % % % 
A 15.75 2.50 19,320 98.8 53.5 65.5 82.0 .54 .66 
A 15.75 3.38 19,320 11 7.6 73.0 91.3 92.7 .62 .78 
A 15.75 4.94 19,320 128.2 101.2 138.7 108.2 .79 1.08 
A 14.5 2.44 18,000 78.3 65.0 87.3 .83 
A 14.5 3.43 18,000 91.5 96.6 99.4 I.OS 
A 14 .5 4.94 18,000 104.3 140.0 11 4.0 1.34 
B 16 2.97 12,400 153 129 151.2 .84 
*B 16 2.97 18,000 96.4 87 83.2 .90 
*C 17.5 3.66 21,000 98.0 100.0 110.6 1.02 
C 17.5 3.66 19,700 110.2 89.3 106. l 115.l .8 1 .96 
C 17.5 1.83 19,700 89.9 68.2 49.5 .76 .55 
• Gasoline burner, input li sted fo r oven on ly. 
Equation 24 is apparently applicable to practically any type of venting and 
aeration generally incorporated in direct-fired ovens, provided that limiting 
areas of openings listed in Table 14 are not restricted below the values pre-
sented in connection with Table 14. From T able 14 it is evident that stove A 
fails to comply with respect to the ratio of openings in the oven bottom to the 
Aue area even fo r values of Aue area equal to 2.44 sq. in . and that stoves C and 
D fail with respect to the ratio of horizontal Aue duct area to Aue area. Thus 
the values obtained from equation 24 for a tight oven and listed in column 7, 
Table 15, could not be used to find the leakage coefficient shown in the last 
column of T able 15. When the oven and broiler doors on stoves A and C 
were sealed and the excess ai r determined, an acceptable value of leakage co-
efficient was obtained for stove C, but the results for stove A show how much 
the excess air is controlled by the openings in the oven bottom of this stove. 
Finally, using a relationship for finding the flue loss during the maintenance 
period, knowing preheating, excess air, and input and the fall loss during 
maintenance,* namely 
F = 100 
( a/ 6 - lOOP / A) W + 1 OOP / A x I + IE 
100 / 6 x W + lOOP / A x I + IE 
where a and b = constants in the equation for Aue loss (sec equations (8) , (9), (13) 
(25) 
.f' = dry products from perfect combustion, cubic fee t per cubic foo t of gas burned 
A = air theoretically required for complete combustion, cubic foot of gas burned 
W = wall loss, Btu per hour 
I = preheating input, Btu per hour 
E = percentage excess air for preheat 
F = percentage Aue loss for maintenance period 
values of excess air were calculated using the wall loss and Aue loss at oven 
• Equation (25) is a ge neralized fo rm of a sim ilar equation g iven in AGA, Bulle tin 7. 
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temperature 500°F. and preheat inputs listed in Table 15. The respective 
values at a, b, P. and A were determined by the fuel used arrd the oven tem-
perature. These values of excess air are shown in column 8 of Table 15. 
From these data on preheating excess air it was concluded that the areas 
for the various openings on stove B were satisfactory except that the areas into 
the horizontal flue duct should be increased to a total of at least 5.2 square 
inches. For stove A the openings in the oven bottom should be increased to 
at least 12 square inches and then the flue area could be decreased to about 2.5 
square inches and still have sufficient excess ai r for complete combustion. The 
horizontal flue duct area on stoves C and D should be increased to at least 
6.5 square inches and then the flue area might be slightly decreased. 
PART VI-SUMMARY AND CONCLUSIONS 
A. The Fuel Supply and Operation of Stoves 
1. While it is true that a liquid fuel is stored in the tank of a pressure gaso-
line or pressure kerosene stove, the actual fuel at the burners is in the form of 
a permanent gas because of the pyrolysis occurring while the liquid fuel passes 
through the generator. The liquid fuel is changed to a gas that is probably 
predominantly methane, ethylene and hydrogen with small amounts of other 
constituents present. 
2. The actual composition of the gas at the burners was not determined 
but from data relative to the pyrolysis of butane and butene a composition was 
built up that could be used to satisfactorily analyze the performance of the 
ovens and to compute times of exposure to atmospheres containing carbon 
monoxide. 
3. Flame characteristics showed that when a burner was first lighted the 
fuel was gasoline vapor but as soon as the generator became sufficiently heated 
the character of the fuel at the burner was changed. 
4. Even though on several occasions some stoves failed to function properly 
it appeared that the greatest danger inherent with safe operation still remained 
the human factor of careless handling of gasoline around an open flame. 
5. The thermostatic safety valve on stove B was satisfactory but unsatis-
factory on stoves C and D. 
B. Products of Combustion 
1. In some cases the percentage of carbon monoxide liberated by a burner 
was high but in the extreme cases the concentration of CO in the room at-
mosphere would be such that a person could work for at least 1 ½ hours in a 
room having a volume of 1,000 cu. ft. where the air was changed once in five 
hours and experience no perceptible effect from CO. In general the time 
would be much greater, because under actual operating conditions in the 
home the normal air change would be about two times per hour; hence the case 
picked for one change in five hours represents rather adverse conditions. 
2. The criterion that has been used in this investigation for safety from 
carbon monoxide has been that the product of the percentage concentration of 
CO in the room atmosphere and the time of exposure shall not be greater than 
three parts in 10,000. 
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3. The product of the concentration of carbon monoxide in a room at-
mosphere and the time of exposure for a specific time after a burner is lighted 
is given by the formula 
CaQF 
P = --- (Rt- 1 + e- Rt) 
1000R2V 
4. In many instances during the operation of gasoline and kerosene stoves 
a sharp pungent odor was noticeable. No correlation was found between this 
odor and the amount of CO liberated. Large amounts of CO were found in 
cases where there was only a faint odor or no odor at all and then again large 
percentages of CO were found when the odor was strong. 
5. Less CO was found when a gasoline especially designed for stoves was 
used than when ordinary white unleaded motor fuel was used. 
Thus from the point of view of completeness of combustion it is probably 
better to pay the premium price for stove gasoline. 
C. Cooking Top 
1. Short-time efficiencies were found to vary over a wide range of values. 
The specific extremes for each stove were stove A-45.0% to 19.6% , stove B-
37.2% to 21.5% , stove C-38.4% to 17.8% and stove D- 45.5% to 23.0% . 
The average efficiency for all burners with all the pans was 32.2% for stove A, 
30.6% for stove B, 28.3% for stove C and 36.2% for stove D. 
2. Short-time efficiency was dependent upon (a) the size of the pan, 
(diameter of the bottom), (b) the burner used, and (c) the utilization of 
some of the generator burner heat. 
3. Short-time efficiency was independent of the fuel rate. 
4. Decreasing the distance between the burner and pan on stove B by 
¾ -inch produced no noticeable difference in efficiency. 
5. Times of heating were calculated on the basis of constant fuel rate for 
the various burners studied. The times of heating showed in another way the 
relative efficiencies of the cooking top burners. 
6. Eliminating the gasoline used to heat the generator by substituting a 
natural gas burner for the generator burner showed for stove A that from 
10% to 44% and for stove C that from 11 % to 38% of the gasoline input was 
being used to heat the generator for regular operating conditions. It is as-
sumed that the generator consumption for stoves B and D would be in the 
range 10% to 40% of the input. The results also showed that in general the 
percentage of the input used by the generator increased as the bottom area of 
the pan decreased. 
7. Maintenance of boiling efficiencies were low. This was partly due to 
the large percentage of the input used by the generator burner and partly due 
to the greater evaporation losses. 
8. The flames at the burners on these gasoline and kerosene stoves can not 
be turned low enough to prevent excessive evaporation without either the gen-
erator burner flame or the top burner flame extinguishing. 
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9. When the burners were operating with the low inputs necessary just to 
maintain boiling, considerable odor was noticed and sometimes the products 
of combustion smarted the eyes. 
10. The practical significance of the maintenance of boiling results is that 
first, for actual cooking considerable water would have to be used to compen-
sate for the liquid lost through evaporation, second, the burner flame should 
be turned as low as possible to maintain a steady flame but never so low as to 
flutter, and third, since there always will be considerable evaporation of water 
it is not essential that the cover fit the pan tightly. 
l 1. Scorching white blotting paper in an iron skillet is the easiest and most 
satisfactory method for determining the heat distribution from cooking top 
burners. Baking griddle cakes on an iron griddle as a method of measuring 
heat distribution involved more work and time and the results only confirmed 
those obtained by scorching blotting paper. 
12. For a full flame the burners on stoves A and B distributed the heat in 
a ring, the area over the burner showing as a cool spot; the burners on stove 
C showed a fairly uniform distribution over the entire bottom of the pan, 
while for stove D the area in the center was the hottest with a cooler area 
shown by an outer nng. For low heat the center area was hottest for all 
the burners. 
13. The burners on stoves A and B were not affected by boil-overs and 
were rated as non-clog. The burners on stove C were badly clogged by cereal 
solution and while the burners on stove D were only partially clogged by 
cereal solution the generator burner was clogged and rendered inoperative. 
Consequently the burners on stoves C and D could not be rated as non-clog. 
D. Ovens 
1. Preheating rates were adjustable by means of regulating the input by 
the generator valve. A very rapid heating rate could be obtained for stoves 
B and C but such a preheating rate was undesirable because the oven burner 
was usually overloaded as shown by a flame tinged with yellow. While sat-
isfactory combustion was obtained for slow rates of preheating such rates are 
undesirable because too much time was necessary to reach a desired temper-
ature. 
2. Optimum preheating rates were chosen to be 18,000 Btu per hour for 
stove A, 22,000 Btu per hour for stove B, 26,000 Btu per hour for stove C, and 
18,000 Btu per hour for stove D . At these rates the oven temperature could 
be raised 420°F. above room temperature in 20 minutes, 14 minutes, 13.5 
minutes, and 26 minutes for stoves A, B, C, and D, respectively. 
3. Eliminating the energy used by the generator burner the optimum actual 
inputs at the oven burners were calculated to be 14,220 Btu/ hr., 18,920 Btu/ hr., 
19,500 Btu/ hr., and 14,400 Btu/ hr. for stoves A, B, C, and D , respectively. 
4. The oven thermomete1 on stove A was the only one that was placed 
properly to satisfactorily register preheating temperatures. The thermometers 
on the remaining stoves were in the oven door panel and this proved to be a 
rather insensitive position. 
5. Oven B cooled the slowest and oven C cooled the fastest. In 70 minutes 
the ovens B, D, A, and C had cooled from 500° to 160° , 150°, 142 °, and 
135° F., respectively. 
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6. For analyzing these ovens the terms "heat to maintain" and "total heat 
loss" can not be used synonymously because "heat to maintain" includes- the 
energy used by the generator burner while "total heat loss" is a measure of 
the energy necessary to keep a constant oven temperature for an empty oven 
in the steady state. 
7. For the temperature range 300° to 500°F. ovens A, C, and D required 
approximately 12~~' 34% , and 15;~ respectively more heat to maintain than 
oven B. 
8. The lowest inputs that were possible to maintain without either the oven 
burner or generator burner flames going out and the corresponding oven 
temperatures reached were as follows: stove A, 3550 Btu per hour, 267°F.; 
stove B, 3100 Btu per hour, 263 °F.; stove C, 4670 Btu per hour, 305 °F.; and 
stove D, 3500 Btu per hour, 242 °F. 
9. The performance of oven B was improved by using a redesigned burner 
which had only about ½ as many ports as the regular burner furnished with 
the stove. The lowest possible input and the corresponding oven temperature 
with the regular burner was 3900 Btu per hour, 300°F. 
10. Experimental heat loss was measured by substituting a natural gas 
burner for the gasoline burner. This procedure eliminated the generator 
burner. On the basis of total heat loss ovens C and D showed the greatest 
loss and oven B the least, but on the basis of heat loss per cubic foot of oven 
space oven A showed the greatest loss and ovens C and D the least. 
11. Experimental flue losses at 500°F. varied from 39.45% for stove B to 
46.5% for stove C when natural gas was used as fuel. Experimental flue loss 
was found to be about 1.5% less when the gasoline burner was used in the oven. 
12. Experimental heat loss using natural gas and flue loss data were used 
to calculate the total heat loss for the gasoline burner, the wall loss, and the 
flue loss as a function of time by means of the relation: heat loss with gasoline 
as fuel equals 0.9737 times the heat loss with the natural gas as fuel. This 
relationship was obtained from the equation (20): 
( a jb 
lH, I (l - 100 + -k- ) H2 = 1 C dm 
l (l- 100 + ~ ) ) 
13. Equation (20) seems applicable to any gaseous fuels and if the compo-
sition of the fuels is known and the heat loss as a function of temperature 
and the flue loss and the volume of gas passing out of the flue for any given 
oven temperature are known for one fuel, then the flue loss and wall loss as 
a function of temperature can be calculated for either fuel and the total heat 
loss for the second fuel can be calculated. 
14. Percentage flue loss was found to increase as oven temperature de-
creased. 
15. Percentage flue loss as a function of temperature over the range 200° 
to 600°F. could be expressed by an equation of the form 
16. Stoves C and D had the lowest oven wall loss and stove B had the 
highest. 
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F =a+ bT + cT2 
17. The total heat loss for each oven when gasoline or kerosene was used as 
fuel was about 2.5% less than the total heat loss when natural gas was used. 
18. Surface temperatures of the exterior walls were used to supplement 
wall-loss data. In several cases excessive leakage of heat was exhibited by these 
surface temperatures. 
19. While considerable temperature variations were found for the internal 
heat distributions in the ovens, actual baking tests using bread, layer cakes 
and baking powder biscuits showed satisfactory oven performance. 
20. For all of the ovens the racks were not spaced properly to allow six 
standard loaves of bread to be baked at once. The racks should be spaced 
so that the bottom and middle racks and the middle rack and the top of the 
oven are separated by at least 5 ¼ inches. 
21. Layer cakes were considered the most satisfactory indicator of oven 
heat distribution. 
22. Using excess air as a criterion for Aue loss it was concluded that the 
areas for the various openings on stove B were satisfactory except that the 
areas into the horizontal Aue duct should be increased from the present area of 
3.1 square inches to at least 5.2 square inches. For stove A the openings in 
the oven bottom should be increased from the present area of 7.7 square inches 
to at least 12 square inches and then the Aue area could be decreased to about 
2.5 square inches and still have sufficient excess air for complete combustion. 
The horizontal Aue duct area on stoves C and D should be increased from 
the present area of 4.37 square inches to at least 6.5 square inches and then 
the Aue area might be slightly decreased. 
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APPENDIX 
Recipes and method of combining the ingredients used for the food tests. 
1. Griddle cakes: 
Ingredients 
Pillsbury-all purpose flour 
Calumet-baking powder 
Sugar 
Eggs 
Fat-Spry 
Milk 
Salt 
2. Bread:* 
Quantity 
162 g. 
11 g. 
28 g . 
48 g. 
26 g. 
289 ml. 
4.5 g. 
Sift dry ingred ien ts together. Combine 
beaten egg and milk. Add gradually to 
dry ingredients and beat until smooth. 
Add melted fat and mix well. 
Ingredients 
Milk (diluted evaporated at 85 °F. ) 
Water at 85°F. 
Quantity 
232 ml. 
430 ml. 
Yeast (compressed) 
Sugar 
Salt 
Fat 
Flour 
2 cakes 
36 gm. 
15 gm . 
10 gm. 
1000 gm. 
Kitchen-Aid model G with bread hook used for mixing. Soften yeast in ½ cup of the 
lukewarm liquid. Dissolve sugar and salt in the remaining liquid. Add melted fat and 
yeast and mix on low for 30 seconds. Add half of the flour and mix for three minutes at 
medium speed. Add remaining flour and mix six minutes or until dough clings to bread 
hook and comes away clean from sides of bowl. Shape dough into a smooth ball and place 
in a straight sided container. Grease surface of dough very lightly. Mark height of dough 
on side of container and mark height for doubled volume. Cover with cloth ( or a rubber 
bowl cover if desired) set in warm place, 82 °F., (constant temperature room used) to rise 
until doubled in volume. Punch down, without removing from container, turning smooth 
side up. Cover and let stand for 15 minutes. Punch down and weigh out equal portions 
for three loaves. Shape each portion into smooth ball, cover with wax paper and let rest 
for 10 minutes. Mold into loaves and place into greased bread pans. Cover and let rise 
until volume is doubled. Bake at 425 °F. for 40 minutes. 
3. Plain layer cake: 
Ingredients 
Flour-Softasilk 
Baking powder, Calumet 
Fat-Spry 
Sugar ...... . . .. . . . . . 
Eggs 
Salt 
Milk 
Vanill a 
Quantity 
420 g. 
17.4 g. 
166 g. 
382 g. 
192 g. 
5 g. 
344 ml. 
10 ml. 
Cream shortening and vanilla. Add sugar gradually over a period of one minute at 
high speed (Kitchen-Aid model Stop and scrape bowl. Beat one minute longer at 
high speed. Add unbeaten eggs gradually and beat two minutes at medium speed. Stop 
and sc rape bowl. Beat 30 sec. longer on high speed. Stop and scrape bowl. Add mixed 
and sifted dry ingredients alternate ly with milk using low speed, adding ½ dry ingredients 
over a period of 20 seconds, mi lk over a period of 30 seconds. Stop, scrape bowl and 
beat 10 seconds longer with medium speed. Cut batter about 12 times with knife and put 
* This recipe is a modification of the proportions for white bread g i,,en in Farmer's Bulletin 1775 , 
U.S.D.A. (1937). 
° Kitchen-Aid model K-3 cou ld be used. 
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365 g rams of batter in each of four pans and spread evenly. 
to remove air bubbles. Bake a t 375 ° F. for 25 minutes. 
minutes on a cake rack and then remove from the pan. 
Rap each pan sharpl y on table 
After baking let cool for five 
4. Baking powder biscuits: 
Ingredients 
Flour- Pillsbury, all purpose 
Salt 
Baking powder, Calumet 
Fat-Spry 
Milk 
Quantity 
336 g. 
5 g. 
12 g . 
63 g . 
244 m l. 
Sift flour, salt and baking powder. Add fat and mix a t low speed (Kitchen-Aid 
m odel for 1 minute, scrape ; then medium speed ½ minute, scrape. Add milk in a 
stead y stream while beating on low speed for 20 seconds. Roll ¾ -inch thick. Two square 
cut gauges were used , 18 inches long and inch high . These gauges were fastened to a 
board with a separation of 10 inches between the gauges. D oug h was placed on the board 
with the rolling pin resting on top of the gauges. Dough was rolled fi rst forward then 
backward from the middle for eight complete strokes. Biscuits were cut with a 2-inch cutter 
and 15 of them evenly spaced on the baking sheet. 
The recipes and methods of combining ingredients for griddle cakes, plain 
layer cakes and baking powder biscuits were those submitted by Lenore Sater, 
Chief of the Division of Household Equipment, Bureau of Home Economics, 
to the National Research Committee on Household Equipment for approval 
for testing stoves with food as the test material. Their use in this study was 
two-fold, first, to test the ovens for acual baking and, second, to test the pro-
cedures given by the recipe. 
Kitchen-Aid model K-3 could be used. 
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